
Ji r^-r > 





industria;. organic analysis 



TKEATtSE ON A^PUED ANAUnl^ C(!bl- 
ISTUY Hv I'ml \ V,ll..r„l,.r TVm. l^T. H. 
IV I 21> '-I II. 25* "fi 

. • . 

THE n^EPARATION OF ORGANIC f:OMPOUNDS 

Hy I iIp H ItjiiiiMl N-i II With 54 lllui- 

(latKiiti lift* ^ ^ 

REXcENTS AND REACTIONS Mk lofiK'Ii irani- 
b\ ( \ Mill brll. ^ fit lift 

CATALYTIC HYDROGENATION AND RmUCTION. 

By L ir%itK IJ llliiitiatiDiu St. nt( 

A HANDBOOK OF COU^OID CHEMISTRY B% Dr. 
M (KrwtW I urn h\ l)t M H 1 iichc* Second 

Kiitnwi M ilhIS a npi 


iAbORATORY manual OF COLLOID CHEM- 

ISTRY, B\ 1 Matvilirl MitK lllutiTaii^i 



INOUSTKI^L 
ORGA'NIC ANALYSIS 


FOR THf I'SE OF TECIIN’JCAI. ,WI) AN.\I.V'ni.'’AU 
FflEMISTS AM) STl’DKNTS 


HY 

PAUL S. ARW, B.Sc.. .F.lC. 

Chief Chfmul t« tiniliih Merterme Witrkt (l9W)*l<td. 

SECOND EDITION 
KEVI,V-D and ENLAKfiED 

• Il ilM Ttcntr-fiel nhalraUm 


LONDON 

.f. & A. CHURCFtifl. 

7 GRF;AT MARLUOROt'iiH STREET 

• . * • / 

I 920 » 






I’RKFACl' 


This wmk was writU n pr^iiaiilv fur tlio’usj of siudoirts 
who might ilwsito to gain sot;ie insight iitty the methods 
and principles oT iiu^istn.d oiganic an.dvsis. As the 
first fdirtoM <ipiK’ars to ha\ie nie^ il need, tlie present 
ecBtion has been’prepared, tlje opjMirt unity iiaving heen 
•taken to revise the text anil to make additions which 
inehide a chapter on sugars. di';>eriptions of certain 
recently jinMi4ied iiietho^ls,^ and references to the 
lltei.itiiie of^hi su|)j(et'l^atter. 

A seluction h.is lieen niAde of sinf! sections of the 
subject as ajijK-ar to he of the greatest gengral interest 
and which ma\ best be {uesi iited with the above- 
mentioned .otiject ;n view! 

b'orthe most part this volume deals with naturally 
occurring suhstancei^dl tlieir immediate der^v’atives, the 
Tiivestigation of which jxxssesses a fascination of its own» 
Sucluwork, in which analysis is the primary method df 
attack, affirds.ample scope for research, valuable both 
from tl*c scientific and the ufllitaiian points of view, 
while educationally it presents the advantage of a/(ord- 
ing illustrations of the application of theoretical know- 
ledg^o*prattical problems. The proper miderstanding 
of the processes described presupposes'S thorough train¬ 
ing in Chemistry .and Phj'sic^, ^d the object has not 



Ini-n tilt atquiMtion oi purelf utilitarian 

, kiii)rfli iif;i' at till (xiH-nv- nf tilt v^ualjl features of 
iiiir (iflliVi' I uiiinil * ^ • 

^|^|^^•ll laiinl- iii.ix In mitcii in ronncction with the 
wtiik ilc'.c nld il I fist. the*mi|K)rtan(c of worHing with 
kill .iMi.i(.i' '..iiiijilcs wluTi'M-r |Hissil)lc. (;?c«, Jor 
i x.iiiiiiii, |iji h .inil qij Second, the ^act thjt many 
of the jiiiii e'.vf, an nl .1 semi-em])i»ical|nature renders 
till .itiiiition to < \]« Mineiit.il detail es|)cfially im-« 
(Niil.iiit , at tfii I oiietitiitnu of^the Mihstances dealt 
with IS olteii»( iiinpli \ and iinperfectly finderstood, un- 
sus|ii'(ti'd sonic i-s ol uioi mayj abound. Third, the 
I nltie.itioii III ,1 seniji' III pioportion should ^e aimed 
at , thus It wilj be Useful^0 estimate liow far errors*in 
• the aeiehmp 01 nie.iMiiing of the samyle will be reflected* 
in the ail 111.n \ ol the lestilts. On the one hand, waste 
ot time Ihiiiiigh medle^j ^ircur.ic\- iflay be avoided, 
and, on till otliei. It mav be found desTrable to pay 
slHsial atteiitioif .lot example, to temiH-ratun' correc¬ 
tions 111 th» nil .iMiiemenl of liquids, to the calibration 
of iniMsurtiij. M-s-als 01 thermometers. In actual 
piaitiii, short cuts' to the desired information may 
sometimes lie taken with advantage, but thjrc arc 
daiigeis III dwellitig loo much *111) this Subject here. 
♦leiitioiAn.iv. however, Ik' made of the e.xtreme useful- 
fless of mil loji opie exuminalion cither as a preliminary 
lest 01 means of gaming information which other 
methods tail to revlal. r\g.i,n, if be seen that many 
of till; methods aiv designotkfor dealing with particular 
problems, thus diflering from those which armtaught for 
the analx-sis^f mixtures of purely arbitrary^ifljxwtion. 
1-omth. the mt^imation of results should be made a 
s|x-aal study ; here.^also,^ special cimsiderations may 
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play an important part. Attention hasfbaen'fiven to 
this side of tAwquestion in‘the te.\t. 

In conclusion. I wish to esgre^slny indeb,te<ln!ss to 
the authors of the treatises^md papers mentioned tjj're, 
and to thbse firms wlio havi* kindly*lent tlie blocks fw 
soije (tf^he illustrations. To Messrs. Bolton & Kevi 
I am indebted foijFig. 14, reprodyced from their "•Fatlt 
Foods,” as well |s many trustworthy data, esix’eially 
in connectflan with oils and fats. 1 have still to thank 
Professor J. Irvine.^IvK.*.. for kindly liel]?and advice 
given to me when iireparing the first edition of this 
work. 

I’.tl'I, s. .\Ki;i‘. 
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oR(;ani(' 'analysis 

CHAPTER 1 

CO.a AND COKE 

iNllloni-CTORl* 

• * 

CoAE, which is at present th(» most important of the 
sfturccs of energy available for industrial purposes, has 
resulted from the mineralisation of the wood of pre¬ 
historic plants, wMch has reryai^ffcd buried in the crust 
of the earth, afid undergone changes as the result of 
which it has more or less completely ^Bst its organic 
nature. In availing ourselves of the latent energy stored 
up in the coal, by burning it in our grates and turnaces, 
we are, broadly speaking, reversing the processes by 
which tbt plant made use of the radiant cner|jy of the 
sun in carrying* out th* Ardothcrmic changes necessary 
to convert water, carbonic acid and simple mincr^ sub¬ 
stances into complex vegetable tissues. In yiew of the 
complex nature of 4 hc process of mineralisation Afswood, 
which has resulted in th^ formatiSn ofcoal, as well as 
the difference in the conditionsnmder which it must haa-e 
taken {dace ia different localities, it is hardly Surprising 
that we lAmld^ect with an almost endless Variety of 
coals, passing by almost imperceptible grd&ations, from 
the comparatively sq|i brown coals/or lignites, which 

A, 1,4. 
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havc*»fli! lyclcrved thf fibrous strucfure’S)f the. wood, 
toilic bard, black, sliinv artthracitfe, \^h show con- 
rh(iM.yfrarbiii. a*jUIj,sfJay but little’evidcncc of their 
orrtnic oricui 

• 7 nmpoiilum fliiif (Vasw/iM/MM of Loath .—The chief uses 
( of (oal aic as (ullnws (i! sfcaiii raisiiiR : (2) household 
iiK- , (yl iHci.illiiiKic.il and niln i mayiifactuijpg opera- 
liims, and fin stnillis'T'orccs, (,)) tlif pr^whirtion of coke, 
ga*.. tar and ammonia. 

Coals aiS' bfoadlv classiiiijl arcoiding to their technical 
a|ppliriition*.Vlii( li mav In- dctcftiiinosl from the results 
of I bcmiral and pli\'si<al cxamjjiatiifii. The interpreta** 
tion of the results id,(rhyniral analysis of ccdll generally 
falls under two headiiii^. ITrst. there are to bescon- 
siiterisl wirfi constituents as water, sulphur and minerJl 
matter, whii h must In- regarded as more or less adven¬ 
titious impurities. ,md*whi(h dilute Ae coal, reduce it* 
calniifii value or, if piesi'ni m (onsiderabh' amounts, may 
render it unsuitable for certain purf>o<es. ilecond, the 
results of an analysis enable one to classify the ooal, and 
to detcHhinr approximateh the uses for which it is liesf 
suited. The vumdest metlnxl for the classification of 
coals acairding to their chemical com)x>sitioif has been 
sliown to lx- that which is prlh^riiy based on the per- 
ccntajtfs of carlnin and hydrogen caiculaled on the coal, 
leiB water.^sulphur and ash ; thus, if S »the sujp of the 
perceiilages of the water, sulphur and asj found in the 
coal, and C - th* jwrAntage ohcarlxm found in the coal, 
tltfti the percentage of earbon on tlie coal, less water * 
sulphur and ash, will be given by 



:.oal and Coke 


.3. 

fhe reason foreliminating these constkuenft^'rhm the 
’ cakuiation iflhat they may vary considrraUy in ampunt 
in coals of essentially the sai^e t>’pe* and yfus aff^t the 
percentages «f carbon and,h\- 4 ro^n. as detlrmined on 
the coa^ j^sclf, to such an extent thatmo true compaAs<)n 
can be made. 

•1:he accompanying table shows how coals are bj-oadiy 
classified into main group?, on this basis. The 
^lignites and the true anthracites are omitted from the 
scheme. ^ 

.\part fron\, tjje cAtent of more or lAs^ adventitious 
impurities, such as \^ter, sulphur and ash, the main 
points whichacome into consideration in judging of thy 
value of a coal for any jjarticular purpose are as 
•in table on p.ige 4. 

The amount of gas and other volatile combustible 
matter formed pn heating : tflis determines the suita¬ 
bility of the toal for gas or tar manufacture, and the 
length oQ flame on combustion.' Thesscmi-anthracitic 
and anthracitic coals, which bum eifher with a short 
flame or practically no flame at all (Groups^ and 5 in 
the above yible), are morf difficult to kindle than the 
long flame coals, but give a more intense heat, and pro¬ 
duce little on no sn^lK. In these groups afe included 
the weU-known steam coaLs which arc s* largelyp 
used ndth marine boilers. Their freedom from smoktf 
also rende^ th^m suitable for drying anS uiijng hops 
and matt, and for horticultuml purposes. Generally 
speaking, there is a direct relationship between the per¬ 
centage of |iydrogen and the length of flame* which both 
decreas«in pnssing from Group 2 to Group^. 

' The nature and anioont of gas and tar obCunsd depend very 
targcly on the distiUatiop temperate* See th^iter II. 
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slightly sintered. 
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Soifie coa]| groups 2, 3^d 4) become f%ed or semi- 
fused on heatfeig or burning; thesj are rrfenjgd to as 
• caking coals. The non-cakingjboals, whic^ are in^uded 
in Groujjs i and 5, do not soften i^ this way, so that 
the indi^dual lumps remain separate during combustion 
and provide for a freer access of air than do the caking 
coals. These peSuJiarities, as well as the relative fength 
of the flaqje, mhst Se taken into account in considering 
•the type of furnace for which the coal.is Jiest suited. 
The caking power als^ influences the natufe of the coke; 
.♦thus, it will be ^otiotd that the non-caking coals of 
Groups i,an(^ 5 prodiite pulverulent cokes, while thos 4 
of proups 2, 3 and 4 all prepuce ifiore or less coherent 
j:okes. The condition of the boke is further ejected by 
the amount of gaS formed on heating or combustion, 
which, generally^speaking, varj^s directly with the per- 
*centage of hydrogen. We* accordingly find that in 
passing from Group 2 to Group 4, tljp coke becomes 
denser an 3 less porous. • 

The non-caking coals of Group i differ frogi those of 
Group 5 in burning with a long flame. They are mainly 
used fqp st&m raising and are also suitable for gas 
making in some cases.. 

The coab belonging to Groups 2 and 3 arg some¬ 
times referred to as.the "bituminous coals,” though, 
it shoflld b» understood that they have no connection 
with the* substsmee kijpwn as.bitupien. The softer 
varieties, which are rich in yplatile matter, are included 
in Group 2, and are usually known as jthe cahnel 
coals; t|ey ift generally used for making Kas, tar and 
ammonia. The coals of Group 3, which •yield mme 
coke than ^ those of the former, group, are used in 
smitW forges and'for mannf^tilriiig coke. Gas, tar 
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and ammonfe arc sometimes, also obtained from these 

coals. ( * , ■ * 

The trus aiithraf itef atd the hgnites, which have not 
bee»* dealt with hiyierto, take their places at either end 
ot the scal<! in the above elassification. Th^' former 
T-ontain, as a rule, over 93 per cent, of carbon, and fees 
hydro|;en than the anthracitic coals belonging fo Group 
5 ; they burn without flame, are shihy j^f-black ir 
ippearance, slipw eonchoidal fracture, and sometime! 
lave a specific.gravity as hi|h as(t'6. The lignites, or 
:he other hand, contain less carbin and more hydrogei 
than the coals of Group i; the/are brov^nist-black it 
rppearance, compathtively soft, and show a fibrpni 
structure j oMtig to the relatively large amount of wate 
and mineral matter which they coiftaiii, they have i 
lower calorific value tha^ the true coalj. Commercial!' 
they are of considerably • less importagee than th 
latter. , 

For further inffcrmation on this subject, see the Mono¬ 
graph on Uie Constitution of Coal mentioned at the end 
of this chapter; the monograph contains a very com¬ 
plete list of references, and a review of the c'hiefnystems 
of classifiontion of coals. • , 

The jelations between the chemical composition of 
icoals and their chief properties and uses will be treated 
of in grei^tci* detail when the methods^ for determining 
the various constituents are dessribed. • 

The above classification, jnd the explanatory remarks 
whiih follojv it, must not be interpreted in too literal 
a sense ; it^s very difficult to place all cgals jn clearly 
defined groii^ forming a simple system of classification, 
while their us«, though primarily dependept on their 
chemical composition, muct, in many cases, largely be 
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determined ^ commercial consideratioite, ^ucll as the 
cost of the coji itself, cost of transport, aijd the wlue 
of the products obtainable fronwtj(«.t. gas,«tar^ ^monia 
or coke), which latter can^mly be satisfactorily deter¬ 
mined trials on a manjificturing'scale. It is, how- 
eygr, generally possible to form an idea of the uses tc^ 
which a«coal may be put with greatest advantage from 
the results of ^ cMmical examination ; and moreover, 
if a certain kind of coal has been found to be suitable 
for a certain purpose, chemical examinStioh will show 
whether subsa}Sent Applies are likely to* fulfil the same 
conditions as the origwal sample. Again, it will always 
be useful to Save a check on*the w^ter, ash and sulphur, 
wfiich, if present in large amounts, invariably reduce 
the value of the goal as fuel. The price paM foi» coal. 
for industrial purposes should always be based on the 
results of ansJfsis; this js ^^ot always done in the 
United King 3 om, but the practice is fairly prevalent in 
America.* The official procedure' is tcj^ultiply the con¬ 
tract price by the actual calorific value found, and to 
divide it by the value guaranteed by the Vendor; a 
certain addition to or deduction from the figure thus 
calculated is made according to the percentage of ash, 
the scale being stesply graduated with increasing per¬ 
centages of ash. It should always be bornc’in min> 
that»no analysis of coal will be of much value unle& 
carried put on 4 fair average sample. (See below under 
" Sampling.") 

The table on pages 12 find 13 shows the results of 
analyses, 'collected from various sources* (most from 
" Analyses of British Coals and Cokes "), of typical coals 
and cokes, and their principal uses; together with the 
** U.S. Geolojical Survey, ^liJletin No 438, 
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classiflcitloij atid explanatory remark# givSn above, it 
may be used as a guide fdr interfreti^S the results 
obtaipei by'tjic an»lytic|il jnethods described below. 


W « • • 

Chemic.\l Examinatioh of Coal and Cqke 

Sampling—In all technical and comipercial apalytical 
work, the operation of*taking the safftplj for analysis is 
of the utmost importance ; in the case of coaPand coke, 
where such-lanje masses arp dealt with, this remark 
applies with ijspeci.d force ; it is olA’iousithat a carefully 
picked sample may differ very copsiddlably in composi¬ 
tion from a sample which hps been taken systefnatically 
and without prejudice, wi^i the object of ascertaining, 
^ as fai as ijossifflc, the average composition of the entire 
mass. Although the sampling of coal and coke can 
hardly be described as a Rboratory operttion, directions 
for systematic sampling arc given here, ftwing to the 
extreme importance of this operation to the* analyst. 
Whether or not the student has had the opportunity of 
taking his sample from a large mass of material, he 
should, at all events, follow but the latter part of the 
following directions in dealing with the reduced simple. 

« Quantities of coal or coke, as the case may be, amount¬ 
ing in all to 2 to 3 cwt., are taken at equal intervals 
daring unjoadibg,* or from all sides as well as tie interior 
of the heaps, and remove to a pl&ce where the noaterial 
will be protected from rain, dampness or direct sunlight. 
The ^ole is. broken up on a smooth floor into pieces 
about the dz^of apples, well mixed and arr#hged in the 

r The sui^t of umpling of coal deliveries is treated of by 
G. S. Fope, VS, Bftrtaa opMi/us, Boll. dj. , 
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ibnn of a sqliare'layer about 20 cm. de 4 >.« Diligonals 
ire marked o{!t,on Ihis squ^e, and the matjrial in fwo 
jpposite triangles is removedi;»t|je^emaindqf %^hen 
earranged info a square, anfl the process repeated ifl^til 
ibout 2(Kf lbs. remain, wljich are bioken into piece? 
ibo^t (h8 size of nuts, and systematically reduced, by 
he proce^ just described, to aboq^ 10 lbs. The sample 
bus obtained is,pr^rved in air-tight metal boxes till 
equired fof use, when it is further.reduced as follows :— 
The whole is well mixed, ^Thereupon 500 grams are 
(bstracted in such a w^ as to obtain an avemge sample, 
ind reduced to a fine pcivder, preferably in a small hand 
nill, so coRstrScted as to avoid loss,of dust during the 
[rinding. A. C. Fieldner * recommends the use of a jwrce- 
&in ball mill for thq final grinding ; if a suitable grifid- 
ng surface is not used, the ash content of the coal may 
>e affected by the abraded,n\ptter. A. E. Findley* 
ecommends breaking the coal into a coarse powder 
oetween linen ; once broken down, it difes not undergo 
increase in ash content on grinding in an iron or ordinary 
tlwrtar. E. G. Bailey * has worked out mathematically 
tl^izes to which coal and coke should be broken up in 
order thal the error in the determination of thejish may 
be less than one per ccnf., the object being to obtain a 
sample which shall contain slate and coal in representa¬ 
tive proportions. The powder is placed in a dry bottle 
provided vrith a well-fitting glass stopper, and thbroughly 
mixed by shaking. Samses for analysis are taken from 
this bottle as required. 

’ “ Accuracy t^d limitations oi Coal Analysis^',' Clumiea! 
Engiimr, 17, p. 50. - 

'JS.CJ., 1919. 38, p. 93 T. 

•“Accuracyin Sampling"Coal," 1909, i, p. loi 
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Hygr'oscdf>ic Water, {a) Ip Coal.-Ty^gtims of the. 
powdered coal are weighed between a pair of well-ground 
wateV glassA, so that Vibisture shall no^ be attracted, 
thiough undue exposure io the air, and dried at a 
temperature of 10.5" on th« shelf of an air oven, till 
constant in weight; the time required is usually ahqut 
two hours. Overheating of the sanmW must be avoided, 
)r appreciable quantities of volatim ruatter^other than 
water may bj lost; the process is always liable to 4 
certain error Jue to the caiAe ju^ mentioned, as well as 
oxidation ot the coal, which o(i;urs,to *a slight exten*, 
when the latter is heated in Amtact wjth ,air to the 
temperature employed foi'expelling the water. In most 
cases, however, the resufls thus obtained will be fouti^ 
to te sufficiently accurate for indu^rial purposes. 

l<ieldner (footnote i,^. 9), discussin| the accuracy of 
moisture determinations<i»coal, states tlijt agreement to 
within (ri5 pej cent, between duplicate analyses may 
be obtained if the J-inch mesh sample is mr dried at 
30° to 4q° and tlien reduced to Co mesh in a ball mill; 
he dries one gram of the sample for one hour at 105“. 

If the sample is subsequently to be *ana(j'sed for 
hydrogen the moisture shoqjd be determined very 
accurqfely, for cirors here will "affect the figure for 
hydrogen. An accurate method is as follows:—2 grams 
of powdered coal are spread in a thin layw on clock 
glass ahti placed^over^ulphurij acid in a vacuum desic¬ 
cator which is then evacuated. The sample is weighed 
evtfry 24 hours till no further loss in weight takes place ; 
before aniJ during the weighing, the qjal should be 
covered by a qjock glass and exposed to the air as little 
as possible, df a good vacuum is maint^ed in the 
desiccator, the drying'sfipuld be cbmplete in 24 ^to 48 
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hours. The C^Bimittee on Qoal Analysis of tlft American 
Society for testing materials and the ^mericam Chemical 
Society, in thgir preliminary rlj|br»,' recommend tliat a 
vacuum of 3 mm. be maintained in Jhis process. ? 3 ie 
Committge recommend other accurate methods involv- 
ing*drying in currents of dry inert gases, preferably 
nitrogen * these * i^ethods, how#\’pr, require sjfccial 
apparatus., • 

* Last, it may be mentioned that if the.coal contains 
clay, the latter must te gotl'id of if the sample is to be 
Submitted to efemqiita^' analysis, for some clays do not 
lose all their^water bftow 700°, A. Lissner* recom- 
meqds treating tbe coal with'a mixture of two parts of 
jommercial hydrofluoric acid and one part of concen¬ 
trated hydrochlorid acid, after which it may be de¬ 
hydrated completely. * 

The proporthm of hygroscbpk water present in coals 
is very variable; excluding the ligni\ps, which may 
contain up*to 30 per cent., coals, especially when freshly 
raised, may contain as much as 15 per cent.,pf water, 
though this limit is seldom exceeded. Broadly speaking, 
a good cpal should not contain more than 3 to 4 per cent, 
of water, while in a pod anthracite the penwmtage of 
water should lie between ml and i'5, or at most,,^. 

Moisture, (i) In Cofe.—-According to Arth, 100 to. 
200 grams of coke, broken into small lumps,- are weighed 
into a porceWn dish an^ dried i?. an gir oven at 150 to 
160°, until constant in weighf. Samples should be kept 
in air-tight vessels, as they easily lose their water on 
exposure to air- 

Mmsture not only dilutes the fuel, hut also reduces 
its calorific^value owin^ to the heaj which it absorbs on 

'JJJE.C., 1913. 3, p. 517. * Abs: Analyst, 1910. p. 133. 
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vaponfion ., It is sometimes the custom to specify a 
c{tain limit for the amount of hygroseopic water in 
oa^ and'tp maVe a proportionate deduction in the 
)rife paid if this litnif is exceeded. 

MsA—The residue of mineral matter left op.complete 
:ombustion of tlie coal or ct)ke is weighed as ash. The 
imount of ash thus found does not represent the total 
imount of mineral nfattcr originaHy present in the fuel, 
ind, moreover, varies somewhat with the mode of com- 
justion, depending, among other things, on the amount 
)f sulphur ^IcTt in the residue anl the amount of carbon 
lio-xidc lost by the alkaline earm ca'bonates. Fieldncr' 
[footnote I, p. g) states that the diffarenee between 
gniting at a low red an^ a bright red heat may lead to 
i (Jiderenc(^ of one per cent, in the ash. The determina¬ 
tion of the ash should be carried‘out separately, and 
lot combined with tlie\-lementary anjlysis or the detcr,- 
nination of volatile cmdbustible matter und coke. 

The following directions for the determination arc due 
;o Arth :—i to‘5 grams of the finely powdered coal (or 
:oke) ar* weighed off in a platinum dish or, failing this, 
i porcelain dish, about 7 "Cm. in diameter; at first a 
jentlc heat is applied, in order to avoid caking«and sub- 
iequent Sifficulty in combustion,^hc disb being covered 
«th a piece of platinum foil so long as there is any 
langer of loss by decrepitation. The subsequent heat- 
ng is ^t dhrried out in a muffle fumjee, tjie dish being 
alaccd on a piccaof jilatinum foil, to avoid cdhtact with 
:he siliceous material of the furnace. The temperature 
s gradually raised to a bright red heat; if the layer of 
rsh is thicl it should be cautiously stirrai from time to 
dme with a stout piece of platinum wire. When the 
combustion iif judged Jo be coniplete, the <ibh and its 
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contents are'fcoolod in a desiccator and w«igjje3.» tom- 
plete combusiSfln i? effected with difficulty if graphitic 
matter is present in the residuf unb«mt c#rborllsI>)uld 
^e tested for in the cooled rasidifc 5 y adding a tew diops 
of alcohalf when the carbon particles will, if present,*be 
5bserv9d*floating on the liqSid. In this case the alcohol 
ffibuld bj removed by evaporation and the combustion 
jf the residue completed over the*blow-pipe flame. In 
difficult cases, tlic combustion may also be facilitated 
ay allowing a gentle curreijt of oxygen to impinge on 
the residue whijejt is ^ing heated, care, of «)urse, being 
taken that particle^ of jsh arc not blown away. 

Owing tt) the differences in (esults obtained on igniting 
It different temperatures, it is^esirable that the process 
fhould be standardised as far as jiossible ; \he American 
Committee {footnote i, p. ii) recommend that the 
temperature of dhe muffle sllbuld be kept at 700° 
to 750°. 

The ash percentage is one of the most important 
figures obtained in the analysis of coal. The proportion 
of ash is greatest in coals which arc rich in voBltile com¬ 
bustible mayer; in these il may sometimes exceed 15 
or eveif 20 per cent. As in the case of the water, a 
certain maximum lijait for the ash in coaf may be 
specified by the purchaser, say 8 or 10 per cent.* and a 
deduc^oti made in the price paid if the limit were* 
exceeded. Jbe undesirability of a large propegtion of 
ash in coal is obvious ;• the ash’dilufcs the fiiel, tends 
to obstruct the draught during combustion, and carries 
with it some of the heat of the fire, as well «5 unbumt 
fuel, on falliilg from the grate. Generallyfpeaking, it 
may be said that a good coal should yfeld less than 6 
per cent, of ash. Thg same applies to coke, especially 
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when #se(^ fflr metallurgical or similar ^Jjerations, in 
which the ^chemical action *of the Ssh to be con- 
sideic^ • 

MohUiie Combustible Matter, Cmbustibfe Resiiue an/ 
Coke .—When coaWs heated out of contact wiiSi>air, part 
of the carbon is lost, mainly in the form of Vol|tile 
hydipcarbons and carbon monoxide ; bydrogei^ oxygen, 
water and ammonia arc given of(**at,the same time. 
The non-volatile resiclue, which consists of*an impure 
carbon contaifling the greater part of the mineral matter 
of the oWgiimf coal, is known as c^c. •The total volatile, 
matter, less the moisture, is d*teriftined as " volatile 
combustible matter,” ; the non-volatile rfcidiJe, less the 
ash. is known as the " non-volatile combustible residfle,” 
the-" fixed combustible residue,” or ^he " fixed carbon." 
The latter term should be avoided, as it is somewhat 
misleading. 

The importance of the yield and natilfe of the coke 
has already beCij pointed out; the yield and nature of 
the volatile combustible matter are of importance if the 
coal is tef be used for gas or tar manufacture, and the 
yield of volatile combustible matter, as determined by 
a laboratory operation, is a useful guide in classifying 
the coal under examination. Bearing in mind that the 
' amount as well as the chemical composition of the 
•volatile matter obtained from a coal vary with the con¬ 
ditions vnder which the destructive distillation is carried 
out,* it follows, fiht, ttat the Asults of any laboratory 
operation should not be •interpreted too literally in 
judging of the probable behaviour of a coal when sub- 

• See Chailcr Jl.. p. j8. A high distillation temperatare 
results in the pt^uction of a hard coke,.a low temperature in 
the produotion of a softtohe, 
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mitted to dStnic'live distillation on a Aamifacturing 
scale, especialfy.as regards "the nature of th« distillcfte, 
and, second, that the estimation .oiT the Voljtiic^nd 
non-volatile inatter should "be carried out, as far*^s 
possible, nllder certain stan(^rd conditfons. The follow-' 
ing ^dtRods are recommended by the American 
Committe* (footnote i, p. ii):— 

One gram of ih^fresh, undried coal is heated for 
exactly seve'n minutes in either of the following ways:— 

, (a) In a lo c.c. crucible stood on a tripoS in a muffle 
."jt 950°, or (ft) in w 20 ^c. crucible set i cm? above the 
"top of a No. 4 Mekertbumer, which has an outside 
diameter a? thS top of approximately 25 mm., the flame 
being; not less than 15 cm. high, the temp^^'ature being 
(?)ntrolled at 900° to 050° either by a thermo c’ouple’or 
by the melting point of potassium chromate (940°). 
The crucibles shduld be co\jEr/d by well-fitting lids. 
The cnicible heated in the open should be protected 
from drauglits. The upper surface of tlie crucible lid 
should burn clear, but the under surface should remain 

covered with carbon. The volatile combustible matter, 

• 

determined by loss in weight, should be calculated on 
the dry coal. Duplicate, analyses should agr«^ within 
0'5 per cent. Fieldn« ffootnote l, p. 9) recommends 
a temperature of 950° to 1000° for all coals ; he states 
that anthracites show bad-agreement betwegp duplicate 
analyses if the teflnperature limits are not adhered to 
^ closely, but that softer "coals show better agreement 
with varying temperatures. 

The coke ttnd non-volatile combustible rejidue may 
be estimated from the weight of the residbe in the 
crucible, the latter by deducting the ash as previously 
determined. * 

A.1^. 
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R. Lcssinff* has constructed an efectric furnace con- 
sitting of,a silica tube wound witli pj^finum wire and 
fitftd wjjth’an iiTn^ silica tube in which one gram of ‘ 
tjft sample is placed ; it R claimed that* the use of this 
apparatus enables the swelling prop(!rties of coal to be 
seen very clearlj, and that the differences in*bfeh3|Vionr 
of various coals on caking can lie better studied than by 
the usual erucible rnethcxl. •* , 

The accompanying table shows the percentages of 
volatile matfer yielded by^the different varieties of coal,, 
anthracitefand lignite, as deter|^ined 4 )v Mahler 

Volatile cAnbustible matter 
calculated on coal, less ash. 

Per Cf nt. 


Anthracites . •, s • 

3 to 5 

Semi-anthracitic 

b to 14 

Bituminousifor steam and 


coking ‘ . 

i 5 t 0 2.S 

Bituijiihous for blast fur¬ 


naces and forges . 

25 to 30 

Cannel .... 

Alaiut 50 

Lignites of good quality. | About 50 

..•. > . 

Th'e outstanding feature to be noticed here is the 


gradual diminution in the volatile matter ir^ passing 
fromstlie canncls to the anthracites. •Th^above groups, 
from the cannels to fhe semi-inthracitic coals, inclusive, 
rqughly correspond with “the Groups i to 5, respectively, 
in the table on p. 4. 

The asgociation of a high percentage df volatile matter 
with a high’percentage of ash is sometimes explained 
* /.S.C./., 1911, Ji, p. 465. 


• • 

Description of Coal.^ 
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by the assum^tion^that the mineral mattei*hae eifclosed 
the mother sati^anch of the'coal, and thus hyider^d its 
decomposition by the escape of,gjs.^ 

• Coke producSd at high temperitures will only contain 
slight quaiJtitics of volatile matter. The softer cokes 
produced "at low temperatures usually contain about 
7 to II pgr cent, pf volatile matter; the products of 
the "Coalite,” “Jaffess Fuel,” and the "del Monte” 
piocesses may be regarded as inteijnediate between the 
typical coals and cokes ; thej^should find iftcreasing use 
in the future as.sttbstit^tcs for coal on grounds of fuel 
t-conomy, as the disttllatss are valuable as motor fuel.* 
Coke shoilld, tn view of its method qf production, only 
contain slight quantities of volatile matter. If desired, 
tSis may be determined as described for coal, * • 

Sulphut .—^This constituent is usually present in coal 
in the form of ironpyrites and^alfium sulphate. When 
the coal is subrflitted to destructive distillation part of 
the sulphur is driven off, chiefly in the f|(hm of organic 
sulphur compounds, owing to the decomposition of the 
pyrites. The determination of sulphur in coal and coke 
is generally casried out by the^Eschka-Fresenius method, 
as follows*:— 

I gram of tho finely powdered material is mixed in a 
platinum crucible with twice its bulk of a mixtAe of 
I part <4 dry sodium carbonate ancFz parts jif calcined 
magnesia ; the unesvered crucible is placed in an inclined 
position, and its lower half is heated to*a low red heat 
‘till the colour of the contents Changes from a grey to^a 
yellow or brown : it is then allowed to cool; the ash 
mixed with one^alf to one gram of ammoniu^ nitrate, 

t 

* H. E, Armstremg, y ^ T lotfi t> Eva.na. ihi 4 , 

*9X8* 37, 313 1 ? 
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and fleatid %igain to redness for 5 \o id minutes, the 
cfuc|bli’ tjiis time being covered wth 5 fid. After cool¬ 
ing*, mc^crnciblcls j)!^#d in a beaker of water, and the * 
(jjfntents detached by*lieafting the liquid. The crucibTe 
is removed, washed carefjilly with water In order to 
remove a<Uiering solution, and the washing? hd^d to 
tlw contents of tl^e beaker. During the .process of 
ignition just described, the sul[liur, contained in the 
coal or roke will liavf been oxidised to soluble sulphatas, 
which may Be determined^n the solution by precipitating, 
with barium chloride and weiglj^g the precipitate, in tjic. 
usual maimer described in all t»xt-l)ooks on quantitative 
inorganic analysis., • * * 

The limits of variation of the proportion of sulphur in 
cflal afe usually from one half to,2 per cent., while‘in 
anthracites it may only be present in the smallest traces, 
(icneially sjieaking, if^nviv be said that a good coal «r 
roke should contain less than i per cen!. of sulphur. It 
is important fjiat coke for use in the blast furnace should 
contain a minimum of this constituent owing to its 
undesirable iulhience on the projx’rties of the iron. 

.Vifrogi'M,—This constituent exists in the coal in the 
combined form, and originates from the proteins present 
in the original wood. When ooal is submitted to de- 
stnictive distillation, the nitrogen escapes mainly in the 
form of aipmonia, and also as aromatic amines, pyridine 
bases, Vtc. The nitrogen in coal iK cona’epiently esti¬ 
mated by the method of Kjeldalil, which is very com¬ 
monly used for the cstiiiiation of nitrogen in foodstuffs, 
fertiliser! .and other materials. The method depends on 
the destiuction of nitrogenous matter'resulting in the 
formation of ammonium sulphate, by the action of boiling 
concentrated sulp^juric acid in«the presetlce of mercury 
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sulphate or oinj» catalysts., When the aigcsiion wiyi 
, the acid is complete, the mixture i| madr all^line, 
ajid the ammo^a distilled off ihflb a known volume of 
standard acid and estimate(J by titri^tion. Modificiia 
lions of tile Kjeldahl method are often used either for 
con^^*ience’ sake or in order to suit particular cases. 
Gunning’s tnodificatij^ consists in *he use of sulphifric 
acid and potassium sulphate, wliile in tlie Gunning 
cdl)pcr method copper sulphate is added aj a catalyst. 
•The use of potassium snlDhate>:nsures a higV'r digestion 
temperature that! Is jeawied with sulphuric acid alone ; 
it has, howjver^ been p8intcd out by }’. A. \V. Self’ 
and by E. Carpeaux ” that loss of afnmonia occurs if 
t'u- composition of the mixture appro.ximates Jhat of 
potassium hydrogen Sulphate, which ma> occur if too 
much potassium sulphate is used fr too much sulphuric 
a?id is lost by gvaporation. TIk method of digestion 
given below is that recommended by Jueldner and 
Taylor,’ who have determined the condirions necessary 
for obtaining accurate results with coal. 

I gram of the powdered aoal is introduced into a 
Kjeldahl jjigeslion flask together with 30 c.c. of pure 
concentrated sulphuric aej/i, 15 grams of potassium sul¬ 
phate, and a drop of Aercury. The fla,sk (see Fjg. i) 
should be made in resistant glass, and should have a 
capacity* of al»out ^00 c.c. Placing the charged flask 
in an inclined" position oi^ a piece.of wjre gauze,* heat 
^s carefully applied until all frothing has ceased; the 
mixture is boiled till colourless, and then cooled for ten 

’ Pharm. Joutni^ 1912. 88, p. 384 (Abs. A na/yst^ 1912, 37, 
P- 203). • 

'Ann. Chm. Anal., 1913,18. 315 (AbB. ^nalyslftgis, p. 172). 

• J.I.E.C., 1915, 7, p. fob.* 
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minutespowdered potassium petmanganate is added 
in 80^11 quantities at a time till a green or purple colour 
remainstafter shaking'aftd the mixture further boilgfj 
for one to one ajid a half ^ours. After cooling, water is 
added, small quantities at «i time being allowed to flow 



Fir.. 1.- Kjeldahl l>igcstioD Flasks on Stand. 

« 

down" the side of the flask, while thh contepts are con¬ 
tinually being agitated ; the whole is transferred to a 
700 c.c. flask, the total w<ater added, including rinsings, 
amounting to 200 to 300 c.c. When ^ufte cold, a few 
pieces of 4 inc foil are added to secure even boiling, and 
an excess of concentrated sodium hydroxide solution 
(about 90 c.c. of a^so'per cent. Bolutionl i#DOured down 
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the side of th'e^^aSc^in such a way as to afoi*, as lar as 
possible, its mixing with the acid liquid ; sufficient rf a 
^ per cent, solution of potassium julJjhide'is ^dfieS to 
precipitate all the mercury (Usually about 25 c.c.), 1 yd 



Fig. j.—D is^llatic*! Apparatus tor KjeUahl’s Pdicejs for the 
• Determination of Nj^rogen. 


the flask is connected up wilSiout delay by means of a 
rubber stopper with the distillation apparatus. 

The accomptmying illustration (Fig. 2) will^ve an idea 
as to the general arrangement of the apparatus. The 
receiving flask contfii* a definite volume of decinormal 
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sulphufic acid^ and the tube, which oips^just Deiow tne 
surface of tjie acid liquid, is provided witji a bulb in order 
to pRj^'n^t swrk-batk jiiio ihe distillation flask. For this 
puj^iO'C an ordinarv pij)ett(?may be used.* If preferred, 
the vapour may be condenjed in a straight *tVibe con- 
, denser, in which case the condenser tube shduld be 
brought near the siyface of the standard «cid, not 
dipping into the latter. If only a f^ analyses are to be 
made, ordinary Liebig condensers, fitted with adaptersf 
may be used ' if many aqglyses are to be made, it is 
more convenient to employ' a seri^ of metal tubes placed 
vertically in a metal tank through wliich watc; may be 
made to circulate, ns shown in Fig. 3. *Arrangements 
such as this admit of aMiumbcr of distillations biing 
carried oTit simultaneously. Sometyncs the distillatioit 
is carried out from the original digestion flask, avoiding 
transference, VVhatevcf^tlje arrangeiittmt used, the dis-* 
tillation flask should be connected with a bulb-trap for 
preventing alka^no spray from being carried over into 
the receiver. When 250 c.c. have been distilled, all the 
ammonia'is certain to have^been distilled over into the 
acid, which is then titrated with decinormal sodium 
hydroxide or baryta solution iij order to determine the 
amount of ammonia absorbed. The indicator used may 
be litnlus, methyl orange or cochineal, but not phenol 
' phthalein. 

It is,necessary to perform a blank'test’in order to 
determine the afnounl of ammonia in the materials 
user}, which should, howdver, be very small. If the 
analysis is tarried out for the first time, a parallel deter¬ 
mination sjfould be carried out with a'pure organic 
substance centring nitrogen, such as hippuric acid. 
The proportion of nitrogen in cod may vafy from 0-2 
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to 2 per cent. I'he determination of t(iis«constituent 
is chiefly of interest as furnishing a rough .estimatt of 
ammonia and other nitrogenous products ftbt jinaMe on 
distillation of the coal. If*this* question does not dljpie 
into consideration, the cstynation is 8ften omitted, and 
thj^iifrogen is grouped together with the oxygen, in 



Fio. 3.—Distillation Apparatus lor Kjeldahl’s Process for the 
• Determination of Nitrogen. 

the statement of the relblts of tJie anilysis, both being 
determined by difference. * , 

The KjeHM method mid its modifications applied to 
other substanch .—Many other substances do^iot require 
such drastic treatment in the digestion process as coal 
does. Thus, it is pflen sufficient‘to boil for half an 
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hour aflcr <he liquid has become cAojirfes, and to 
omit tlv! boiling after the addition of theqiermanganate. 
In til! Guvnirtg moSilifatioti it is usual to employ 25 c.c. 
of ^tllplmiic acid and 12 grafms of potassium sulphate ; 
in the (iumiing cupper inodilvation, 0-3 gram bf copper 
•sulphate is added to this mixture as a catalyst! 'ijs 
no truublc and often ^afer to enqilw the lattar modi¬ 
fication in iirefcrencc to the former. *^The use of copper 
sulphate has the advantage that the subsequent addition 
of potassium sulphide becomes unneassary. Mercuric 
sulphate is,‘however, a more i^cierft “catalyst than 
copjier sulphate, and must be ^^isetf with substances 
which are difficult to dettimpose completely; in the 
original Kjeldahl metluHl, which is' often used, the 
digestion mixture consists of 20 to ^ c.c. of sulphuric' 
acid and 07 gram of mercuric oxide or the equivalent 
of mercury. In the (jpnning Anioffl method both 
copper and mercury are used, one gram of the sample 
being treated with 25 c.c. of sulphuric acid, 16 grams 
of )K)tassmm sulphate, one gram of copper sulphate, 
and one gram of mercuric,oxide. It is advisable to 
use a definite amount of mercury or .oxide, for a simple 
trial will ^hen show how much, sulphide solution need 
be added in order to have an excess^ieyomfthat required 
,to precipitate all the mercury, and thus to decompose 
the mercuraiiimoniuni compounds which dojnot give up 
ammonia bn boiling in ^alkaline solutioA. Fbr.a similar 
reason the relative strengths o^ the sulphuric acid and 
the caustic soda should be'determined. 

O. F. Jcn,scii' compared the results obtained by the 
Gunning AJhold method with those obtained by the 
Gunning copper method with bone meal, dried blood. 
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cyanamide’ jjjd* linseed meal; he found •that quanti¬ 
tative 5delds were obtained by either method, jjig&ting 
for one to one and a half h«urs,.though T5lotid*r(Siuired 
three hours^ digestion in Ihe Gunning copper me’tjiod. 
The Gilnning Arnold method is used*for pepper in which 
^i^itrogen is mainly present as piperine, a heterocycli# 
compound of the^yridine type* B. Dyer' fouml that 
this method gave good results with jiyridine. 

Modified Methods to include -Nitrogen as Nitrates.— 
Nitrogen present as nitrates will, of course, be lost in 
the processes’dbscrilJpd above, which, hotvever, suffice 
for the analysis of *1110 substances mentioned. The 
methods described under this haading are especially 
applicable to fertilisers which may contain considerable 
amounts of nitrates. 

Gunning's Method. —0'5 to 3-5 grams of the sample are 
well mixed witfl 35 c.c. of pitfe sulphuric acid in which 
has been dissolved 3 per cent, of salicylic acid, and the 
whole is shaken at frequent intervale for 10 minutes. 
5 grams of sodium tliiosulphate and 10 granis of potas¬ 
sium sulphate are then a^jied, and the mixture is care¬ 
fully lysated until frothing has ceased, after which it is 
further treated as direjted above. 

lodlbauer’s MethoK .—^Thc digestion mixture consists of 
20 c.c. of concentrated sulphuric acid, 2-5 grams of 
phenol sulphonic acid (made by dissolving 50 grams of 
phenol in Sufficient sulghuric acid of specific ^a\'ity 1-84 
to make 100 c.c.), 2 to 3 grams of zinc dust and five 
drops of chloroplatinic acid.' The mixture is heated and 
should beebme colourless in four hours. 

Carbon and Hydrogen.—The importance of knowing 
the percentages of carbon and hydrogen for the purpose 
' ttnilysl, i895,*20.p. 252. 
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of classifying»the coal has already befh pjjnted out in 
the iiftra^iictory section of this chapter. TJhe determina¬ 
tion oPthe tfaldtific value «fthe coal, as described below, 
is al^ based on the elemental^' analysis. 

The method employed for the determination olcarbon 
•nd hydrogen in coal is essentially the same as ttait 
employed for dcterminiiig these consj^uents in<)rganic 
compounds which contain nitrogen and sulphur. The 
details of the operation will be found described in many 
books dealing w^ith practical #rganir chemistry, and will 
therefore not be ri'[)eated here ; it ^ill yitlj’be necessary 
to call attention to a few points offnterest in the present 
case. 

About half a gram of the finely iiowderod coal should 
'be wetghed off in a ]>orcelain boat, about 7 cm. long and 
7 to 8 mm. broad, and then mi.xed with about twice its 
bulk of dry, finely powdiyed eopjHT o^cl^', great care 
being taken to avoid loss. The combustion tube should 
be packed througVout with lead chromate, in the usual 
way, in order that all sulphur may be retained as lead 
sulphate and prevented frym escaping as sulphur 
dioxide, a short reduced copper spiral being plaped in 
the rear epd, in order to dcconjpose nitrogen oxides. 
^Whilc volatile matter is being distfllod from the coal, 
ojeygen sliould only be allowed to pass through the tube 
at the rate of gne bubble in two seconds; the^peed*may 
be doubled’whcn only cpke is le^. The lead chromate 
should not be heated so strongly that it fuses with the 
glass of the tube ; moreover, lead sulphate, which will 
be formed ^ the interaction of the cl^fomate and 
sulphur of tile ^oal, is not quite stable at such high 
temperatures. , 

In calculating the pprdentage o# hyflrogen*from the 



water abs(frbed*by the drying tube, allbwancc’must be 
made for the Jiygroscopic* water, accurately de^nfiined 
as described above, this being dfdflcted <rom the total 
water weigHfed, in order to aiVive at the water fanned 
by coraBustion of the hyjirogen. As has already been 
p^tod out, powdered coal is hygroscopic, so that unlesg 
fhe sargple for analysis is preserved in a well stoppered 
bottle during thelfriterval between the water determina¬ 
tion and the elementary analysis, serious errors may be 
made. The re-calculation^of the pcrceittages of carbon 
and hydrogen on th^coal, less water, ash*and sulphur, 
has been describee! oi*p. 2. The method for calculating 
the calorific'valuc of the coal from the results of the 
elementary analysis is described below. 

Oxygen. —Thcre^ is no direct method avhilablc for 
determining this constituent; it is tla-refore determined 
by difference, (fcducting tl)p ^im of the percentages of 
the carbon, Tiydrogen, hygroscojiic water, ash, sulphur 
and nitrogen from one hundred, ffhe figure thus 
obtained will naturally be affected by the accunnilated 
errors of the previous determinations; t!ie oxygen 
content is, for this and other reasons, no longer used as 
a basis for the classifijfation of coals. If tlie nitrogen 
has not beert estimSted, both this and the oxygen will 
be determined together, by difference. 

The amount of hydrogen found in excess of that 
requfred to combine with the oxygen in the cOal (exclud¬ 
ing, of course, the oxygen of the hygroscopic water) to 
form water) is known as fhe " disposable hydrogen.” 
Generally Speaking, the disposable hydrogen may be 
taken as a rmtive measure of the amount lif gas obtain¬ 
able from the coal, and an indication of the length of 
flame whith will .be» produced on combustion. These 
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relationsliip^wlll be apparent on referitng t8 the tables 
givefi ajjove. 

Dct»rhii\ali»n of the ^al/mfic Value of Coal and Coke .— 
The^Smount of heat tlicort-tically obtainable*from a given 
weight of coal or dbke dctertjines to a great Astent its 
•value as a fuel; it is often the custom to base thS (^jjn- 
mcrcial valuation of fu^s on the results of determinations 
of calorific value, which have been Carried out on fair 
average samples. 

The calorific'value of a fi)^! may be stated in several 
ways:— 

(a) As the number of calories*producc(i by burning 
I kilo, of the fuel, the calotie being the amount of heat 
required to raise the temperature of i kilo, of water 

' from" 4" to 5° C. 

(b) As the number of I\fitish Thermal Units obtainable 
from I lb. of the fuel, the B.T.U. representigg the amount 
of heat rcquire(l to raise the temperature of i lb. of 
water through i*F. at 391° F. 

(c) As t<ic number of pounds of water which may be 
evaporated at the boiling pbint by the combustion of 
I lb, of the fuel. 

Determination of Calorific Villut! by Galorimelers .— 
Calorintfetric methods arc generally used in practice. 
‘Two instniments in common use arc the Lewis Thoippson 
and th« t‘ Sarco " Mahler-Donkin besnb calorimeter. 
The Lewis Thomjfeon Alorimetfr consists essentially of 
a copper cylinder fitting ort to a copper base by clips ; 
the coal, mixed with potassium chlorate and nitrate, is 
burnt insidqfthc cylinder, the gaseous profiucts of com¬ 
bustion passing through holes near the base of the 
cylinder and up thrd^h the wat^nr.in the talorimeter 
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vessel. Tills instrument is very largeljr ssed'for the 
commercial valuation of coals ; it is much less exnefisive 



than the bomb types, but does not give such accurate 
results, and iS not suited for use with anthracitic coals 
containing more than 87 per cent, of coKe, or with coke 
itself. Thar bomb, calorimeters (insist essentially of 
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strong firas# vessels which are immersed ^ outer calori- 
mefcrvessels containing water. The coaj is fired electri- 
cally*insitJo fhc boni), which is charged with oxygen 
un^r pressure. In adcfitioft to accuracy’bomb calori¬ 
meters have the advantage ,^hat they can b^lised for 
liquid and gaseous fuels. 



I'ks ^ J toMs'riiuinpMUi r.il.ninu'ttr. 


C.oals containing ovei a^to [X't cent, of moisture 
should be dried before burning in the calsrimctcr. In 
calculating the calorifir valqp allowance should be 
made for the dilution of the fciel by" the moisture 
when *1110 dried coal is tested, and also for the 
latent heat, of evaporation of the moisture, includ¬ 
ing that ‘formed by the combustion bf the hydrogen. 
It must be rcmcmlicred tliat in the c.alorimeter 
the. water is deposited in the liquid form, whereas 
in practicb it escajws as steam. The Accuracy of 
working n^iy _ be checked by making *a combustion 
with pure cage sugar, the calorific v<alue of which is 
3957‘0 calorics. 
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Detailed descri{)tions and directions M use ire sup¬ 
plied by the makers, and fnay also be seen in d^'alers’ 
catalogues ; they will readily fcJJpwed by hnj'one 
'acquainted w^th the principlcs’and practice of catori- 
metry. • • ^ • 

Cflctlation of Calorific Value front the Results of 
Elemenlafy Analysis. —The calculation is basecl on 
Dulong’s assumpti 3 h that the amount of heat given 
out on the burning of a fuel is equal to the sum of the 
amounts of heat produced^on the combustion of its 
separate elemepte, th^j whole of the oxygen present 
’ being considered 3 s already combined with sufficient 
of the hydroj^n present to form wjter. Knowing the 
pereentages of the carbon, disposable hydrogen and 
Sulphur present in Jhe coal, and the calorific Values of 
these elements, it should be possible to calculate the 
calorific value ofghe fuel itsqlf.* The above assumption 
is, of course, ribt theoretically justifiable, but experience 
has shown that when applied in the (Jse of coal, the 
results obtained are sufficiently accurate for practical 
purposes. The present method cannot be applied to 
liquid fuels, as here the heats of formation of the con¬ 
stituent’compounds are too considerable to be left out 
of account. 

The following data are employed in the (Siicula- 
tion:— 

Calories. 

1 kilo, of Carbon in burning to tOj ^oduces 8,140 

1 „ Sulphur „ * SOj „ 2,t6q 

I „ ftydrogen „ HjO „ . 28,900 
as steam • ' 

The latent heat of evaporation ofiwatef=6oo 

*.I.A. 3 
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In practice*it is usual to take the*c|\prific value of 
hyBri^en as 34,500 calories ^r kilo. Then if 

•H be the pA-cJnlage of Hydroges 
C ^ „ Carbon, 

S „ „ * Sulphur, 

0 „ I „ Oxygen, 

and W „ „ H^groscop 

the quantity, of heat, Q calories, obtainable from 
I kilo, of yi« fuel is usually calculated from Dulong’s 
formula 

Q»8i. C+*go ^It--g^+22 . S-S .W, 

the*watcf being liberated as steam. . 

Representative results of calorific determinations on 
the various kinds of cdal ^re include# in the table oir 
p. 4. As a rule, the results obtained for coal by the 
method describVl do not differ from those obtained by 
the bomb calorimetric method by more than about 2 per 
cent.: in many cases the variation is less than i per cent. 
Mahler has shown that the variations in the results 
obtained by the two methods, are considerabfe in the 
case of hgnites, peat, and especially mineral oils. The 
calorific values of the latter fuels cannot be accurately 
calculated from the carbon and hydrogen ^content, but 
must bfi determined by the calorimetrit method. 

The heat actually available in practice naturally falls 
short of the amount of heht theoretically obtainable on 
combustion of the fuel; owing to loss of Ifcat with the 
chimney g^ses, with the ash as it falls from the grate, 
radiation and incomplete combustion, the available heat 
is usually less than 80 per cent, of that theoretically 
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obtainable. '»e results of laboratory detcrfiiinations of 
calorific value are, however, none the less valuable* as 
they enable the analyst to esSniate the*relative*heat 
values of different fuels or kinds of coal when used under 
apprnirfmately similar conditions. 


PHYSICAL Ex/ftniNATtON OF ^OAL AND COKE. 

In the table on p. 4 will be found the specific 
gravities of the different 'Arietics of co»l^ it will be 
noticed that tfief^is 4 gradual increase in the specific 
gravity in pacing froni the varieties which contain least 
carJ)on to the anthracitic group. The determination of 
fhis constant may usuaUy be omitted, as surpr indica¬ 
tions of the natuit of the coal are obtained from a 
chemical examination. 

It is somejimes of imptirtance to determine the 
porosity and the crusliing strength of coj^e; the latter is 
of importance when the coke is to be tised in the blast 
furnace, as it should be capable of bearing the.weight of 
the material above it without being crushed to powder, 
in which case it would tend to obstruct the draught. As 
has been pointed out previously, the nature ef a coke 
depends, not only on the nature of the coal fron^ which 
it has been prepared, but also on the method of prepara¬ 
tion ; this point discussed in Chapter 11 .rp. 38. The 
methods for determiniyg the porosjfy and cnishing 
strength of coke are fully, described in Stilhnann’s 
" Engineering Chemistry." 
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chapti-:r ii 

COAL TAR AND ITS DISTILI^VTION PRODUCTS 
1 NTROl’ucTORY 

I 

When coal is subnrftted to dry distillation it yields 
three main volatile products* viz,, coal gas, water con- 
taifiing ammonia in solution, and coal tar. The present 
chapter deals with the examination of the last-fhentioned 
substance and its chief distillation products, with special 
•reference to thtir applicaUojf in the production of 
materials for flie manufacture of dyes, disinfectants and 
other valuable substances, derived Jiicfly from the 
aromatic hydrocarbons. In this connection it should 
be mentioned that tars wliich are unsuitabfe for the 
above purposes have recently attained enhanced im¬ 
portance as sources of^motor spirit (benzol), and fuel 
oil, the demind foi* which is likely to increase still 
further. (See below.) Coal tar is chiefly obtained as 
a by-produft, either in the manufacture, of coke, in 
which case it is known m coke-oven tar, or in the manu¬ 
facture of coal gas, when it is known as gas tar. Blast 
furnace and generator gas tars, which are sometimes 
obtained asTiji-products in the manufacture* of pig iron 
and producer gas, respectively, have ,no^ the same 
commercial importance as the two ^st mentioned 
products. 
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Proplrtiet aftd Composition of Coal Taj.—Crode coal 
tar*is fi dark brown or blackj more or le?s viscous fluid, 
smclKnl of creosofe., It it usually heavier than water, 
the‘tars having spcciffc gravities undef I'ooo being 
useless for the pftxluction pf dyes. The laftsr point 
will be more fully dealt with below. 

Ai pointed out in {he previous chapter, th« propor¬ 
tion of tar yielded by different l^nds of coal varies 
considcijibly ; the nature of the tar is influenced, not 
only by the qifality of the coal from which it is distilled, 
but also ter a considerable extant by the distillation 
temperature, (icnerally, when riow temperatures are 
employed, the resuliing tars consist mainly of liquid and 
solid paraffins, olefines and the more complex pheifols. 
Higher temperatures, on the other hand, tend to give' 
rise to the formation of aromatic hydrocarbons, free 
carbon, and phenol ratBer;than homolbgues of phenol ;■ 
olefines and acetylenes are formed in smaller quantities, 
while the paraflyis practically disappear. The following 
example, given by-Dr. F. Mollwo Perkin,’ illustrates well 
the differences in nature and amount between the pro¬ 
ducts of distillation at high and low tempwatures;— 

At Hi^h Temperature, (about^o”). Per ton of coal, 
12,000 cubic feet of gas, 20 lbs. oflammonium sulphate, 
II gallons of tar consisting mainly of aromatic hydro¬ 
carbons suitable for producing dyes, etc. ^ke hard. 

At Low Temperature (about 350° t6 550°) Per ton 
of coal, 5000 cubic feet of gas, 10 lbs. of ammonium 
sulphate, 20 gallons of tar consisting mainly of aliphatic 
hydrocarbons, olefines, paraffins and also naphthenes, and 
unsuitable dor producing dyes, etc.; tar acids (phenols) 

•Lecture given before the Institute of retroleum Techno¬ 
logists, 17th Dec., 1918. 
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are also pre^bnt, but these are only suitfor* as 
disinfectants a^ not for s}dtthetic purposes. Cokg s«ft. 

High distillation temperatqrq^ essential foithe 
production of^as, both as regards quantity anS quality, 
and tars fft)in which aromatic hydrocaibons and phenols, 
etc.j^miy be conveniently separated in a state of suf¬ 
ficient^ j^rity for synthetic work ; the presenep of 
paraffins is highly o^ectionable in this connection. On 
the other hand, the value of low tynperature distillation 
products has been recognise^ within the test few years. 
It will first be qoted that the yield of tar iS greater than 
at high temperatures; (from rich cannel coals as much 
as 40 to 60 gaBons may be obtained ger ton; again, such 
tar‘has a lower specific gravity and yields a greater 
proportion of low-|joiling constituents than Wgh tem¬ 
perature tar. The benzol fraction forms a good sub¬ 
stitute for motor petrol, the demand for which has 
increased enofmously owing ^o the development of . 
aircraft among other reasons. In this the presence 
of paraffins is no objection. The higher boiling products 
are fuel oil, which, like the heavy petroleum pftxlucts, is 
suitable for use in motors of the Diesel type, lubricating 
oil, and'disinfectant phenols. Finally, paraffin wax may 
be obtained from this fir. The soft coke pr^uced at 
low temperatures contains from 7 to 11 per (ftnt. of 
volatile matter, and is well suited for domestic purposes ;• 
from what lias beten said, the wastefulness 5 f th^ system 
of burning raw coal wilf readily be realised. (See foot¬ 
note, p. 19.) Gas coke is very dense and graphitic owing 
to the high temperature employed. Coke •sufficiently 
hard and deifte for use in metallurgical a^^tions is 
produced in coking ovens where somewhat lower tem¬ 
peratures afe emplqye^, the object being lo make a coke 
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which will StaSd the weight of the rnaletjjls in the blast 
furtiasc. Compared with the gas rctort,,the coking oven 
yields ’slightly les? ggs end a tar not quite so rich in 
arjfhatic hydrocarbons,*but which may, however, gener¬ 
ally be used for risking prociucts for synthetic {>urposes. 
Lunge ( ' Coal Tar and Ammonia ’’) points out tlj?itt,he 
actiwn of heat tends 40 encourage jpolecular condensa¬ 
tions with the formation of substances such as naphtha¬ 
lene and anthracene, <ind the elimination of hydrogen, 
cither in the (tlementary state, or in the form of highly 
hydrogenatid hydrocarbons such aS •methane. The _ 
tendency towards the formatioi^of phenol rather than 
the cresols at higher temperatures is similarly explained, 
while the formation of free carbon, either in a finely 
divided s*iate or as a graphitic mas*, may be regarded 
as the last stage resulting from the tendency towards 
molecular condensation \r(iught into jflay by the action' 
of heat. * 

Coal tar. as produced for the manufacture of colours, 
contains the following substances as its most important 
constituents:— 

Water and ammonia. 

Benzene, toluene, xylenes aijd higher homologues of 
benzene. 

I’hedol, cresols, naphthols and other phenolic sub¬ 
stances of higher molecular weight. . 

Amine bases such as aniline and its Bomologues. 

Naphthalene, anthraeene, plienanthrene and their 
homologues, as well as oflher hydrocarbons containing 
condensed 'benzene nuclei, of high molechlar weight, 
such as py/fcne and chrysene. 

Pyridine, quinoline and bases of a similar nature. 

Nitriles, carbazoles'j eft. 
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Sulphur contiining compounds, of whicfl tHfe cliief are 
carbon disulphide and thiophen. • * 

In order to isolate the chief*c(»ns*ituents,*the coaf tar 
is submitted to a preliminary distillation in retdi^fs 
placed over an ojjen fire. •The followng fractions are 
coljoc^:— 

(1) Firtt running^up to about i^io" C. 

(2) Light oils or crude naphtha, up to about 170° C. 

(3) Middle or carbolic oils, from *70° to 230° C. 

(4) Creosote oil, from 23o°*to 270° C. 

> (5) Anthracene^)y, over 270° C. 

The first tvvo fractions are often collected together, 
in which case they arc referred to as the " total light 
oils ; they are accompanied by. the aqueous ammonia 
which remained in« the crude tar after centrifu^ng 
(usually 2 to 3 per cent.). Thejtill residue consists of 
pitch. 

Molinari ('' Organic Chemistry ") givq^ the following 
mean compositions for gas and coke ofen tars;— 


Benzol t« 135“ 

GAS TAR 

per cent. 

- 36-12 

COKE-O^EN TAR 

per tent 

12-66 

Beiizol 135°-i65° - ^ 

- 15-59 

16-42 

Phenol oilte - •- 

- i8-oi 

18-47 

Residual middle oils 

- 26-51 

4<r3f) 

Water and loss - 

- 3-67 

, 3 09 


Reference may l?e made^to Butler’s Article on ‘' Modem 
Practices in Coal Tar Distillation,” * and “ Notes on the 
Commercial Fractionation ol Benzene, Toluene, and 
Xylenes.” * 

Sampling .—fhe importance of proper sampling was 
•Butler, J.S.C.I., 1918, 37, 23 T. Buyer an*Popham, ibid., 

'918, 37, 220 f. 
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pointed oijt in dealing with coal (see p.* 8). As the 
samj^ling of a viscous liquid like tar ifSewise requires 
carqful atteationf a^ fjw, words may be said on the 
subject. The following recommendations are due to 
Weiss and others.^ If the tar is being pumjtod, a half- 
inch sampling pipe is inserted in a line with thff flow of 
the.tar, half-way to the centre of the main pjpt^'dn fhe 
discharge side of the pump, the irfier open end of the 
pipe being turned al^an angle of 90° so as to face the 
flow of the ter. One galjpn per 1000 gallons is thus 
taken off, idpt at a temperature of oqt over 49'’, and 
as soon as the pumping is o\^r, fhe large sample is* 
thoroughly mixed and a quart sample is’taken from it. 

If the tar is dealt with by gravity, it may be continuously 
sampled* by a small drip pipe inserted into the maift 
pipe, or by dipper full samples taken at frequent and 
regular intervals. Tai* in^ tanks is sampled at various 
depths by the use of small weighted bottles fitted with 
tight stoppers ^hich may be pulled out with string, or 
by sampling cocks at different levels. In each case the 
large salnple is mixed and dealt with as already de¬ 
scribed. The siimple for analysis should, be kept in a 
well-dosed vessel. 

Specie Gravity .—The wat^r ms first separated as 
follo\fc: the tar is allowed to stand in a conical flask 
immersed in water at 50°, for 24 hours; the water 
collecting at the top is poured off* as completely as 
possible, the reA beiflg absorbed by drawing a piece of 

Methods of Analysis used in the Coal Tar Industry," by a 
CommitteeMf American Coal Tar Chemists, under the presidency 
of J. M. V|(eis!i, J.I.E.C., 1918, 10, pp. 7321 817, 911, 1006. 
Standardised methods are given for the analysis of crude and 
distilled tars, middle ml, light oil, and benzols. The apparatus 
and methods are very fullV described, . * 
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filter paper o’?ej,the surface 1 The tar is tW coo*led to 
15° and its specific gravity determined at this temjKfti- 
ture. For ttiis purpose, the pyknoaiefer or'hy^rometer 
cannot well be*used owing to the* viscosity of the tar'^t 
ordinary temperatures. Lujige advise% the use of an 
ordjn^ cylindrical weighing bottle of about 50 c.c. 
capacity,% vertical gjjpove, about 2 jnm. wide and 2 i»m. 
deep, being cut in the glass stopper. The bottle is 
weighed dry and empty, and then, yhen filled with water 
at 15-5°, in the usual way. it is then aboht two-thirds 
^ffiled with the tai*and placed, without the Stopper, in 
hot water for one hour ft) get rid of air bubbles. After 
cooling, the bottle and stopper arc .weighed with the 
tar. * Boiled distilled water is then added to fill the 
bottle, and the whole weighed after allowing fo stand 
in water at 15-5°. From these data, the weight and 
^lume of the tSr are readily,*calculated, and hence 
the specific gravity. 

As previously mentioned, the specific ^avity of tars 
which consist mainly of aromatic •hydrocarbons is 
usually above l-ooo; if un^er this figure, the tar is 
generally^ not suitable for the production of substances 
for synthetic purposes, ^he mean specific gravity of 
gas tar from hhrizontSl or sloping retorts is, according 
to Kdhler, 1-155 I fro® vertical retorts, according to 
Bueb, i-ioo. Most coke-oven tars have speq^c gravities 
of the same order,*Ijjng between i-i and i-3f The 
specific gravity is influenced to some extent by the 
amount of free carbon in the* tar. 

¥tu Carbon .—Kraemer and Spilker warm*i part of 
• V 

^ Weiss (footnote, p. 42) describes a distillatiom method involv* 
ing the use of special apparatus for the fstimation of water in 
tar and for the dehydradng of tar. 
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tar wfth ^ parts of aniline, and pour tl^ liquid on to an 
uflglazed porous tile, whicti will absorb the soluble part 
of the- tjr iftid tfie »niHne, leaving the insoluble carbon 
af*a flaky mass. The latter is transferred, without loss, 
to a weighed watcli glass, ^nd weighed after* drying in 
a steam oven for several liours. A more accurateme 1 ;hod 
is fecommended by,Weiss (footn^e, p. 42)^ The dry 
tar is passed hot through a 30-mesh sieve to remove 
foreign substances, vo grams are weighed in a 100 c.c. 
beaker and ^cligested witbpure toluene at 90° to 100° 
for not inVe than 30 minutes, stirrfng frequently. A, 
filter cup is prejiared as follows;—Two 15 cm. circles 
of Whatman No. 50 filtes- paper, one of which has been 
cut down to 14 cm., are folded symmetrically round a 
stitk of about one inch diamete*, the smaller paper 
inside, so as to form a cylindrical cup about two and a 
half inches long ; the cqpas soaked in^enzene to remoi% 
grease, dried in a steam oven and kept in a desiccator. 
The toluene tar mixture is poured through the filter 
cup, which has been wetted with toluene, returning any 
filtrate which may not bp clear to the cup, and the 
beaker is washed out with toluene till tlcan^ using a 
camel-lipir brush to detach soljd particles; all washings 
are passed through the filter cupT after ^hich the latter 
is washed with pure benzene and allowed to drain. A 
filter papet; or alundum cap is then placed on the cup, 
and the whole place^ in an extraction apparatus (see 
p. 87) and extracted with pure benzene until the de-, 
scending benzene is colourless. The cup is then removed, 
the cap taken off, and the cup dried in a steam oven and 
weighed ifi % weighing bottle, the increase in weight 
being the mjitter insoluble in benzene. Approximate 
results may be obt^nM workii^ an tar i^ch has not 
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been dehydrale^ if not more than 5 per An*. of*water 

is present. 

Falciola * adopts a process based jjn’Ccruti'smetliod, 
gradually introducing 5 grams of tar into 125 to 155 cc. 
of olive oildt 140° to 160°, ligating to 180° to 190°, then 
coolin^o 150° and filtering through a tared filter. The 
residu^Wimilarly treated with 50^0 70 c.c. of oil, and 
transferred to the mter by washing with ether; the 
filter and contents are washed W’i>h ether, dried, and 
weighed. 

, Falciola finds.9*to 267 per cent, of free •carbon in 
"Italian tars; the limitseusually given are 10 to 30 per 
cent. The formation of free earbon.is encouraged by 
high’distillation temperatures; gas tars are therefore 
iftble to contain mgre of tliis constituent tha^i coke- 
oven tars. The carbon, which is deposited as a hard 
graphitic mass, reftiains in thp Atort, forming part of 
the coke ; part* of the finely divided carbon, which is 
formed at the same time, passes over wifli the tar, and 
part remains in the pitch after the volatile portions have 
been distilled off. It is possible to estimate roughly the 
amount of pitoh which may be expected from a tar from 
the amount of free carbon which is contained^ in the 
latter, as good pitch df medium hardness, as produced 
by most tar distillers, contains, on an average, abdht 28 
per cent, of free carbon. Tars containing a large propor¬ 
tion of this constituent are apt to froth on distillation. 

Distillation Test .—^This test is carried*out with a view 
to ascertaining the nature and’approximate amounts.of 
the various fractions obtainable on distilling fhe tar on 
a large scale ; as it is hardly possible to repfsduce the 

'Ann. Chim. Applie., 1917, 7, p. 152: aba.^Analyst, 1917, 
p. 246. 
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conditions olitaining on a manufacti^ng scale in an 
otdkiary small scale laboratory operation, it is customary 
toslisti^from 3 ft) s kilos of tar in specially constructed 
ipbtal vessels. Such ihethods will not described here, 
as they cannot "be convejiently carried oflt with the 
ordinary laboratory equipment; for a detailec^escrip- 
tioii, including also,the estimatioj^ of water«it^ar, see 
Lunge’s " Technical Methods of Chemical Analysis.” 

The following sn^U scale operation, devised by B. 
Nickels, is described, as ik will afford an opportunity of 
studying the behaviour of coal tar ftik distillation, aqd 
provide further material for analytical work: 250 c.c. 
of tar arc introduced into a glass report of 750 c.c. 
capacity ; the retort is placed on a cup-shaped pifee of 
edhrse wre gauze which rests in a arcular hole in a piece 
of sheet iron. No thermometer or special condensing 
apparatus arc necessajy, and the Iftat is supplied by 
means of a powerful Bunsen burner wluch is protected 
from draughtsjjy asbestos screens. The retort is covered 
by a dome, whieh may be made from a tin can, a trifle 
larger than the bulb of the retort, by cutting out a 
piece from its side in order to make room for the neck. 
The hqating is regulated so ^hat the distillate falls in 
drops in rapid succession ; towdrds thS end, it will be 
necessary to heat strongly, so that the wire, gauze , 
becomes rjd hot; when the pitch begins to intumesce, 
the heating is discontinued. ^ If the* distillate solidifles 
in the tubulure, it is melted down by cautiously heating^ 
with a Bunsen flame, 'fhe distillate is divided into the 
following* fractions;— ^ 

(1) Aif^opiacal liquor and total light oils. 

(2) Middla and ^eavy oils. 

(3) Anthracene qjUs* 
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Fraction (i^ j^coUected in a graduated cyliii^er, which 
is changed for a small weighed beaker as soon as aflrop 
of the distillate solidifies when drepped into featsr. The 
amount of toti light oils will be \oo small for examina¬ 
tion ; aftir reading off theirwolume, they are separated 
frofli the ammoniacal liquor, which may then be titrated 
by raean^of stand^d acid, in order to estimate the 
ammonia. The second fraction will, at first, consist 
largely of solid naphthalene, and will afterwards become 
more liquid. When a drop ofithe distillate„collected on 
^a,cold metal surfat^ deposits yellow or greenish amor¬ 
phous matter, the receivir is changed for a second small 
weighed beaker in which the last fraction is collected 
iintil*the heating is discontinued. The second and third 
fractions may be weighed, the former being assayed for 
phenols, or tar acids, and the latter for anthracene, by 
illethods subsecjue^tly describeck When the retort is 
nearly cold it is plunged into cold water ;,the pitch will 
then shrink, so that it may be removed*in a lump on 
breaking the retort, and weighed. Knotiving the.volume 
of the tar distilled and its specific gravity, the percentage 
amounts qf thtf various constituents weighed may readily 
be calculated. 

During the lirst stages of the distillation,^ the 
presence of water may cause bumping; should the 
inconvenience caused thereby be serious the tar 
should first be freed ^om wa^pr by the mtthod 
.described under the determination of the specific 
gravity. 

The above process must, of course, not be r^arded as 
an exact analjriical operation; apart from f he Tact that 
unavoidabie losses of the lighter constituents* will occur, 
it must be borne in mind that the relative amounts of 
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the vJrious ftactions may vary according to the rate of 
the distillation. * 

WJlss^ (footnote, ,p., 4;) describes a more accurate 
laboratory method fof distilled tars; bting accurately 
standardised in every dct^l, this method iS dar better 
adapted for obtaining comparable results than the fore¬ 
going one. Briefly,^ it consists in distilling c.c. of 
tar at the rate of i c.c. per minutt from a 250 c.c. dis¬ 
tilling flask of spccia^ dimensions, resembling the Engler 
flask (sec Figt 15, p. 212), through a condensing apparatus 
of special dimensions ; an accurate nitqgen thermometer 
is placed as shown in Fig. 15.* Factions are collecte'cl 
as follows in graduated cylinders :—up fo 110°, 110° to 
170°, 170° to 2 j5°, 235° to 270°, 270° to 300°. The? flask 
is*hcatM by a naked Bunsen flanje, and shielded froln 
draughts by a cylinder of metal. For further details, 
the original paper ma^^b^ consulted. • 


The Exami.s'ation of First Runnings and Light Oils. 

Wheft these two fractions arc collected together, as is 
often the case, they arc'known as " fifst light oils," 
" crude or once run naphtha,” or “ total l%ht oils.” 
For the sake of clcaniess, the letter term will be employed 
to signify the total distillate, exclusive of ammoniacal 
liquor, resulting from the first distillation of coal tar, up 
to tht! point at which the distillate becomes heavier than 
water. The pfoducts coming under this heading are 
usually yellow to dark brown, mobile liquids of a pene-* 
trating staell recalling ammonium sulphide, carbolic acid 
and naphthalene, at the same time. A gleen fluorescence 
is sometimes observable, owing to tar carried over in 
small quantities dbring the disyu^tion. The total light 
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oils are usuafljyioinpletely volatile below i8(f on redis- 
tillation, and haye specific gravities ranging from (f g'io 
to 0'950. 

According to Kraemcr and Spilkor (Muspratt-Buntc’s 
“ Chemistry,” Vol. Vlll., p*i6), the composition of the 
tot^al li^it oils is as follows :— 

Phenofc, consistiij|; of phenol, gresols (chiefly ntifla 
cresol) and small quantities of xylenols, 5 to 15 per 
cent. 

Bases, chiefly pyridine anAits homologues, i to 3 per 
gent. • • • 

Sulphur compounds, toasisting of carbon disulphide, 
thiophen and ils homologues, o 1 percent. 

Nttriles, such as aceto and benzo-nitriles, 0-2 to 0 3 per 
cent. . ' 

Neutral oxygen compounds, such as acetone and 
eoumarone, i o t(f i 5 per cent. * 

Hydrocarbons, 3 to 5 per cent, being olefines from 
hexylene and upwards, 0-5 to i-o percent., paraffins 
beginning from hexane, and i o to 1-5 per cent., unsatu¬ 
rated compounds which cornbinc with bromine at the 
ordinary^temperature, such as cyclopentiadencs and the 
hydrobenzenes. ^ 

The remainiilg 80 pdr cent, consists of aromatic hydro¬ 
carbons, of which about four-fifths belong to the benzene 
scries, and one-fifth to the naphthalene and fther series, 
including hydrocarbons of higher molecular weights The 
benzene hydrocarbons consist approximately of benzene, 
100 parts; toluene, 30 parts’; xylenes, 15 parts; tri¬ 
methyl benzenes, 10 parts ; tetramethyl benzenes, i part; 
together with traces of higher methyl and eth^ benzenes. 
Paraffins, olefines, and naphthenes may Jse present in 
varying amounts, but should be practically absent from 

A, I. A, 
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oil? which are to be worked up specialiy for aromatic 
hydj^rbon^. ^ 

AIthou|;h, as will tie gathered from the above list, the 
light oils are exceedingly complex mixtures, thg tests to 
which they arc usually subrfiitted in the laboratory are 
Jimited to (a) the determination of specific gra'^'ly, (i) 
fractional distillation! and (c) the estimation of phenols. 
These tests will, at any rate, enable the anal5rst to dis¬ 
tinguish between first'runnings, light oils and total light 
oils ; in order to fully understand the ji^ficance of the 
results obtained, it will, howevey, b« necessary to have 
considerable experience in dealing with the products in 
question, both in tfie laboratory and on a manufacturing 
scale. Further chemical tests are applied to the purer 
products obtained from the first runnings and light oils 
on distillation. (See ielow, underBenzols, Com¬ 
mercial Benzene, Tolueftc*and Xylene.”^ 

Specific GraiKty. —^This may be determined by means 
of an ordinary hydrometer or siiecific gravity float, 
or, more> accurately, by means of a Westphal or Mohr 
balance. An instrument •of this type is shown in 
Fig. 6. For use, it is mounted as shown, the ther¬ 
mometer plummet being susj^ntied in Jtoiled distilled 
water at 15'5° from the end of the graduated beam by 
‘ means of a fine platinum wire; equilibrium is estab¬ 
lished J>y means of the adjusting screw, with weights 
corresponding to a specific g.nvity of l oooo on the 
beam. Each of the largest weights corresponds to o-i 
in the figure for the specific gravity; one of these may 
therefore l^te suspended from division 10. or two of them 
from division 5 when making this preliminary adjust¬ 
ment. The Vessel containing the water is tljen removed, 
and the plummet is wiped dry* and suspended in the 
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liquid of whicltthe specific gravity is to be detennined, 
without disturbing the 
adjustment of the in¬ 
strument. ‘The tempera-' 
ture of the liquid should 
be'th^^e as that of 
the water which it^as 
replaced. The pointer 
of the balance is then 
brought back into its 
• driginal position by ad» 
justing the tiecessary 
weights on the gradu- 
«ted arm, taking care 
that the suspending wire 
if immersed to thg same iWcstphal Sp.'ulic Gravity 

depth as before*; as each * * * ' ' 

weight weighs ten times as much as thi next smaller 
size, the specific gravity may be cjirectly read off 
without any calculation. If the specific gravity float 
is used, it wilj also be neces&ry to have the liquid at 
15 - 5 °. 

The specific gravity.orthe total light oils usually lies 
between o-qio and O'qfio. The average specific gravity 
of English first runnings is o-goo, and that of light oils 
0-975- 

DistiUalion rest.—For ^he carrying «ut of this test, 
several methods are in use, and it is, therefore, necessary 
to exercise some caution in comparing results obtained 
by different antdysts. The most scientificall;; accurate 
method consists in distilling the liquid frorf g flask fitted 
with an effective fi’actionating coluifln. When such an 
appliance is inserted brtween the distillation flask and 
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thg condenser, the higher boiling porticMs of the liquid 
whijlwnight^othetwise be carried over v^ith the vapours, 
are concfcnsod and hup tack into the flask; a more 
complete separation of the constituents acsqrding to 
their Wling points is thus ob¬ 
tained. For the present swpose. 
Lunge recon^mends the use of a 
three bulb Linncmann apparatus 
•or the Hempel tube. Sidney 
Young’s " Pear ” and “ Rod and 
Disc ” forms^ figured here, art. 
also very cfficient» for the frac¬ 
tionation of benzols. , 

The thermometer should be 
placed so that the upper end of 
tlie bulb is oq a level with the 
lAittom of the side tube of the 
column ; it should be graduated 
in fifths of a degree and tested 
by comparison with a standard 
thermometer within the range 
required, and correctioiB, if any, 
noted ; 'bt^ore n^e, it may be 
Sidney Ymmii'h "KikI tested in steam from water boil- 
FraclumatiTiR (olumns mg >» a distilling flask, in which 
' case the correction will include 

that for barometric'pressure; if the pressure should 
have altered, the correction may be made at the rate ' 
of O’qy” {ver lo mm. A straight Liebig condenser, at 
least i8 inrhes long, is used, and the distillate is caught 
in graduatfd cylinders which have been calibrated 
by comparisbn with an accurate burette. The flask 
is heated by a small naked flame, and protected from 
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draughts by means of a cylindrical roB of firte*wire 
gauze. DistillSUon is usually carried out at the;, rate 
of one to two drops per secop^l, ^o9 c.c.of the^lUjuid 
may be distilled from a 500 c.c.» flask, and the volume 
of the distillate noted every io“, from 80° and onwards. 

Front the results thus obtained an approximate idea 
mJy bR^rnied as to the composition of the liquid, which 
will give some indicltion of the jiortion of the coal tar 
distillate of which it is composed. , Working with larger 
quantities, preferably freed/rom’carbon disulphide, as 
described belo\^ iienzcne, b.p. So ’'’, and’tsluene, b.p. 

’ 110 7°, may be sepitated in a state of purity, or fractions 
may be obtaiilbd for analysis a.s descijbcd under benzols. 
Ortho, meta and para-xylenes, boiling at 142°, 139° and 
<38^ respectively, arc obtained as a mixtuit; they 
cannot be separated by fractional distillation. 

• Good first rumhngs should^ artording to Lunge, yield 
at least 10 pef emit. by volume, below 100°, and when 
the product collected up to 130° is redisjilled, it should 
jdeld at lca.st 25 per cent, of its volume below ioo°. 
First runnings yield, on an average, about 78 j!cr cent., 
by volume, bglow 171' . * 

Light'oils should yield little below 120°, and about 
30 per cent, by volume^ between 120° and 171“. All 
which comes over above the latter temperature bWongs, 
properly, to the carbolic oil fraction. If an appreciable 
amount distils below 120°, the oil probably contams first 
runnings, while if the tAal 5neld*up it) 171° falls con¬ 
siderably below 30 per cent., a portion of the coal tar 
distillate, properly belonging to the carbolic oil, has 
probably been^owed to nm into the light 04. 

Other methods for examining first nmtuags and light 
oils, involving distillation, are givefi under the heading 
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" Tbe^lxaniipation of Benzols, etc.” 'ihe^ also include 
the estimation of paraffins and carbon disulphide. 

Dekrminalion <{(Phenols.— follow'Ing rapid method 
does not yield resuhsjbf great accuracy, but may con¬ 
veniently be adopted in technical work. It is, based on 
the solubility of the phenolk, and the insolubility of the 
neutral oils in caustic alkali solution. 50 c^of the 
sample are introduced into a gradkated glass-stoppered 
cylinder of about 250 c.c. capacity, and 100 c.c. of a 
9 per cent, splution of sodium hydroxide are gradually 
added. Tha whole is well mixed by shaking, and allowed 
to stand until it has separated into Wo well-defined, 
layers; the volume of the neutral oils is then read off 
and subtracted frdm the original volume of the sample; 
the difference is taken as an approximate measure (jf 
the phenols present, K more accurate reading is got 
by adding a volume o{ [letroleum eth^r equal to that of 
the sample and deducting this from the^final reading. 

More accurkte methods for estimating phenols are 
given below, ^hen dealing with the purer products (p. 
55). . 

Light oil is used as such, for making varnishes for 
wood and iron, and occasionally also as*an illuminant 
and as a solvent for pitch. % Jar the post important 
use of light oil, as well as first runnings, is in the manu¬ 
facture of the “ benzols " of commerce, from which 
benzene, tcluene and xylene may be produced in a state 
of purity for the manufactvre of colours and other 
valuable products. 

Before jedistillation, the first runnings or light oil 
are washq^, first with dilute sulphuric ,^cid to remove 
pyridine'bases, then with concentrated sulphuric acid 
to remove ‘defines, and other unsaturated comnoonds 
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sucfi as counarone, indene, cydopentadiane,etc« Arhich 
are converte(f*into resinous bodies, and finally^ with 
dilute alkali to remove phenols. 


I^rcentage DislilUng below ^ 


Sp. Or. 

Approximate 

Composition 

• 'X 

r: 

lao" 

«■ 


160® 

c. 

at 

•5‘S"C. 

• 

90 per cent, 
benzol. 

• 

90 

• • 

• 

• 

• 

6-88o 

to 

0-8SS 

• 

70 per cent, 
benzene, 24 per 
ornt. toluene, 
traces of xylene, 
4—6 per cent, 
carbon disul¬ 
phide and light 
parafiins, etc. 

^<>0 per cent 
l)en7ol. 

50 

90 



0'88o 

to 

0*872 

Chiefly^ toluene 
and xylene with 
a little benzene. 

30 per cent. 

• benzol. 

30 

• 

90 


• 

0-875 

Chiedy toluene 
and xylene. 

Solvent naphtha 

i.Vii' 

- 

S 30 

’9^ 

0-875 

Chiefly xylene 
and higher 
homologucswith 
* a little naphtha¬ 
lene and par- 
aflins,*etc. 

Burning 
naphtlja. • 

A‘»/ 

» 

« 

0 

• 30 

0-885 

Chiefly xylene 
and higher 
homologues; 
naphthalene and 
paraffins, etc. 

• 


The chief products resulting from the distillation of 
the washed light oils of tar are* set but in the above 
table, together with their behaviour on further fractiona¬ 
tion, specific gravities and approximate cotnpositions. 
The results quoted here have been coUected,from data 
given by Lunge and Allen. 
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• The EjfAMiNATioN OF Benzols andjCommeecial 
Benzene, Toluene and Xylene. 

'/he lists commortly* applied to these products, some 
of which are described in the accompanying^ table, are 
(a) the determination of spetific gravity ; (i) thQ investi¬ 
gation of behaviour on fractional distillation^^c) the 
estimation of carboifdisulphide; atid (d) the estimation 
of non-nitratable hydrocarbons or paraffins. Carbon 
disulphide ofcurs chiefly in go per cent, benzols (see 
table), an<J vnly in comparatively small amounts in the 
higher boiling benzols; its presance' in appreciable, 
quantities, in benzene which is to be nitrated, is objec¬ 
tionable. Light Hydrocarbons, including olefines,,con¬ 
sisting mainly of pentene, and paraffins, occur chief^ 
in the low-boiling benzols, though higher open chain 
hydrocarbons are oflep met with in the heavy benzols 
and in commercial tolnefie and xylene. The presence 
of such impurities in appreciable amounts is highly 
objectionable,‘causing trouble in the nitration process, 
and lowering the yield of amines. Commercial benzols 
are sometimes adulterated with petroleum spirit, which 
consists chiefly of heptane, or with shale naphtha, which 
contains about 50 per cent. 0# olpfines, mainly heptene, 
and sbout 50 per cent, of paraffins. 

In addition to the above-mentioned tests, the following 
tests for determining the relative purity of benzene, 
toluene and xylenei are deseribed: (e) the bromine 
absorption test, and (/) the sulphuric acid test. Under. 
the heading Xylene will be described the estimation of 
meta-xylqne in presence of its isomers. , 

The vilueiof a benzol depends, first, on its relative 
freedom from the qndesirable impurities mentioned 
above, and second, on the proportion of benzene or 
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toluene presenj^ the latter substances beiftg two*of tbe 
most valuable constituents *of coal tar. As regard* the 
xylenes, only the meta isomar «s pf ^ny ralije fo*the 
colour manufacturer, the ortho Snd para isomers being 
looked od as undesirable impurities. 

specific Gravity .—This is best determined by means of 
the Westphal balan^, as describec^on p. 50. 

The indications afforded by this test are not always 
of a very definite nature. In the* case of 90 per cent, 
benzol, a high specific gravity may genefelly be taken 
js pointing to tlft. presence of an appreciable quantity 
of carbon disulphide. •The specific gravity of coal tar 
naphtha should never be below o-8yo; if lower, light 
jraraffins are probably present, as the specific gravity of 
petroleum spirit is, at the most, only very liltle over 
0 700. On the other hand, the effect of the presence of 
tarbon disulphidb on the sge(jftic gravity counteracts 
that of the liglit paraffins, so that a sample containing 
both of these impurities may well have normal specific 
gravity. (See also following section.) • 

Fractional Distillation .—This may be carried out as 
describe|i under the heading of Light Oils and First 
Runnings; the volume jf the distillate should be noted 
at the temperatures gR’cn in the last table, for comparison 
of results. 

The products dealt with under the present heading 
distil within narrower limits of temperature than the 
crude coal tar distillates from wliich they are derived, 
the constancy of boiling point of a sample naturally 
depending on the number of times which ft has been 
re&tilled witt a view to purification. Th#ierms " 90 
per cent, benzol," " 50 per cent, benzoh'wtc., refer to 
the proportion of the original safnpfc whi^ distils below 
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and up tq 100°. According to Allen, a good 90 per cent, 
benzol should not distil below 80°, ancfbnly yield 20 to 
30,p«r ccni„ belaw 85° and not more ^han 90 per cent, 
below ibo°. It sho'uld be wholly distillable below 120°. 
If, say, 35 to 40 per cent, distils below 85°, too.much car¬ 
bon disulphide or light hydr(x:arbons are probably present. 

per cent, benzol should distil wholly bglew 130°, 
and should yield 50 Jjer cent, belov/100° and 40 per cent. 

between 100° and 120°. 

« 

30 per cent, benzel should 3aeld 30 per cent, below 
100° and bcrper cent, from 100° to 1^0°. 

Pure benzene, toluene and ^ylene ol commerce distil 
within 1° C. • 

A good deal of work has appeared recently on the 
analysis of benzols by distillation. It will only be 
possible to refer to a few of the methods which have been 
described, and reference must be mjde to the original 
papers for the tables add‘graphs by whiah the results are 
to be interpreted, and which are based on results obtained 
with mixtures‘of known composition. The methods are 
good examples of standardised processes suitable for 
the examination of certain technical products. 

The following methods require no special apparatus 
except an Engler distillation *f!a^ (see fig. 15), which, 
bowawer, is a stock article with most dealers; a twelve- 
bulb Young’s pear fractionating column may also be 
requu^. *100 c.c. of the sample are distilled from the 
Engler flask (without column) at the rate of 7 c.c. per 
minute ; the directions and precautions to be observed ‘ 
as regards condenser, thermometer and graduated cylin¬ 
ders, are as described under the distillation test, page 52. 

Spielmai^*and Wheeler* analyse commercuU benzols 
* • J'.S.C /., 1916, 35, p. 396. • 
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as fallows r-jlhe Volume in c.c. distilling uj^ to, 96° is 
determined as jwt directed, jmd from this the percentage 
of iolwnt is deduced by referring to yie toluene curve. 
Normal amounts of carbon disu^Mde and partiffins do 
not interfere with the process, and results are reliable 
up to 30 per cent, of tohtene. Carbon disulphide is 
estimate by the specific gravity method described on 
p. 64, and the paAffin content ft deduced from the 
specific gravity by referring to the paraffin emre; as 
mentioned above, paraffins lower tlie specife gravity, so 
that the amount by which the specific gra*’ijy is lower 
.ttian it should 8e f«r admixture of benzene and toluene 
of the determined composition gives a measure of the 
parkins. Benzene is determined by Sifference. 

• The foregoing method is only applicable ^o good 
average quality benzols containing not more than 20 
per cent, of toluene, 3 per cent, qj’ carbon disulphide and 
0 per cent, of fciraffins. It hSsbeen extended by Spiel- 
mann and Jones* for the analysis of •first runnings, 
wliich differ from benzol in containing icl*or is per cent, 
of carbon disulphide and up to 15 per cent, of paraffins. 
The general methods of analysis and interpretation of 
results are as just described. (See also page 62 for 
carbon disulphjde.) 

Colman * determines toluene in commercial fpluols 
and in solvent naphtha as follows;—100 c.c. of toluol 
are distilled from an Engler flask (without •column) at 
the rate of 7 c.c. per minute, observing the directions 
and precautions given under the distillation test, p. 211. 
The flask and condenser should be washed out with the 

' J.S.C.I., 1918, 35. p. 911. 

'Joum. Cos Lighting, 1915, izg, pp. 196 and iig, aba, Analyst, 
' 9 > 5 . PP- i66«nd 170. * 
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toluene a*d nllowed to drain just before making the test, 
ths toluene is poured into the flask*trom a loo cx. 
m^auring .cylinder ij'hich is just ^owed to drain. ■ 
Wlicn the distillation temperature has ranched 105°, the 

flame is removed from the flask, and the dOndenser is 

• 

allowed to drain. The receiver is then changed, and 
thp distillation continued till a temperature^ is 
reached, when the flame is again femoved and the eon- 
denser allowed to lirain. The residue in the flask is 
cooled and poured ftito ^ 100 c.c. measuring cylinder. 
The two •flections and the residue .sjiould amount to 
99 5 c.c. From the amount distilling below 105° and 
above 117°, the amount of toluene is found by means 
of the table, a correction being applied for paraffins. 
The paraffin correction is estimated by distilling loo cSC. 
of the sample from a round-bottom flask of 150 to 200 
c.c. capacity, fitted with a Young's t»velve-pear colum,n, 
at the rate of one droj^ per second. Tito distillate from 
107° to 115° ft collected, and its specific gravity is taken 
at 15-5'. For jvery 0 001 below 0'868 a reduction of 
threc-(Juarters of one per cent, is made in the percentage 
of toluene found by distillhtion. , 

The tables only apply to samples containin'^ from 50 
to 75 per cent, of toluene, and to such*as yield at least 
5 par cent, of distillate below 105° and not more than 
50 per cent, above 117°. Small amounts of carbon 
disulphidd, paraffins and cumenes do not affect the 
results, reasonable 'accuracy* being obtained with the 
majority of commercial toluols which have been washed' 
with caustic soda and sulphuric acid. Samples which 
do not qmiform to the above boiling point limits may be 
analysed by'this method if previously mixed with a defi¬ 
nite volume'of pure benzene or jcjlene or both (see paper). 
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Toluene is delwtmined in cotnmercial solvent naphtha aS 
follows100 c.c? of the sample are di^illed^at tharate 
of one drop py second from‘a/oftnd-bottom* 150 to 
200 c.c. (task, using the Young column as described 
above, the flask and condenSer having previously been 
rinsed mj^with the sample and allowed to drain. The 
distillate up to 138^ is collected #nd measured in a 
100 c.c. cylinder as described above ; if less than 35 c.c., 
a further 100 c.c. of the sample is.distille<t—the distil¬ 
lates being combined; if still less than 35, c.c.. the 
sample may be feW a^ practically free from toluene. 
If the distillate.measures above 35 c.c., then 35 c.c. of 
it ar^ mi.\cd with 50 c.c. of pure toluJne and 15 c.c. of 
pmre benzene, and the 100 c.c. of mixture thus obtained 
is analysed by distillation direct from an Engler flask 
as described abovg. The percentage of toluene found 
from the table i%subject to the*paraflin correction, made 
as described .ibosc ; deducting the 50 cac. of toluene 
added from the total found, the amount* of toluene in 
35 c.c. of the distillate is arrived at; a sfmple calaulation 
gives the percentage of tolusno in the total distillate 
which rci>resents 100 or zoo c.c. of the original sample 
as the case may,be.* 

* Other methods recently published are as follow: - •“ i)ctcr- 
imnation of Xylene in Solvent Naphtha,” Spiclmann and Jones, 
J SC.L, 1017, 36, 480; ” Estimation of Toluenc,,Application 
of Method to Benzene and Xylene,” Tames, ibid., I9i6. 35, 
P 236; “Estimation of Benzene andToIuctle in Commercial 
Mixtures,” Edwards, ibid., 1916. 35, 587; “Analysis of Com¬ 
mercial Pure Benzols.” Butler Jones, tbid., 1918, g4, 324 T; 
” Determination gf Benzene, Toluene, etc., in Coal Tar and 
Similar Products,” Cotman and Yeoman, ibid., |^i?.e38. 57 T; 
*' A New Method for the Determination of Toluene in Com¬ 
mercial Toluohff” N'orthall Laurie. pubhshAI by rf.M. Stationery 
Office. See also Weiss, footnote* p. 42. « 
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(c) Carbon Disulphide.— process*tor the estima¬ 
tion flf this constituent yow to be described, depends on 
the formation of potassium xanthate by»the interaction 
of carbon disulpliide and potassium cthoxide d^foUows:— 


)0 + CS„ = S<C 


./OC»H, 


(:„H ' 

The precipitated xanthate is separated and estimated 
by titration with standard copper sulphate solution, or 
analysed for*sulphur* , 

If the saihple should be turbid owing to the presence 
of water, it should first be detydfated by shaking lip' 
with plaster of P^s and filtering. For*the estimation, 
Kraemcr and Spilker recommend the following process : 
5a grams of benzol are mixed with 50 grams of alcoholic 
potash, made by dissolving ii grams of potassium 
hydroxide in 90 grams of absolute aJcohol; the whole 
is then shaken occasionally during five fo six hours. If 
carbon disulpftide is present, the xanthate will separate 
out in yellow sil^y needles. The latter are separated in 
aqueous solution by shaking the mixture with 100 c.c. of 
water in a separating funiTel and washing; the remaining 
benzol with successive small quantities of water which 
are added to the main aqueous extract. • 

The xanthate may then be estimated in the aqueous 
solution as follows; A solution containing 12-475 grams 
of crvstalhsed copper sulphate per litre is prepared; 
I c.c. of this torreSlwnds to’ 0 0076 gram of carbon 
disulphide in the titration described below. The aqueous 
xanthate'solution is acidified with dilute acetic acid, 
whereupon it must immediately be titrated with the 
copper solurion, as free xanthic acid decomposes spon¬ 
taneously. A brown'precipitate of cupious xanthate 
will be formed at first; on the addition of more of the 
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copper solution,•this precipitete is transformed into^he 
bright yellow cupric xanthate. .T|ie eni point is re#:!^ 
when a drop of *he solution taken ouf on a glass rod, and 
placed beside a drop of dilute potassium ferrocyanide 
solution en a piece of filter paper, produces a red mark 
at the p<4nt of contact of the liquids; the amount fif 
copper solution whiclrhas been add«l should then be in 
slight excess of that required to interact with the whole 
of the xanthic acid present, to.fomf the insoluble cupric 
xanthate. The amount of carbon disulpMide in the 
saSnple may then betal<*lated from the number of c.c. 
of copper solution used, by employing' the factor given 
abovo. 

•The following alternative methods may also be 
employed :— 

Ji.) The acidified solution of potassium xanthate is 
treated with an <;xcess of copper hulphate solution, and 
the precipitated cupric xanthate filtered* off, washed, 
ignited and determined as cupric oxi^p or copper, as 
usual. 

(ii.) The potassium x.inthatfi solution is warmed with 
an excess bf potassium hydroxide solution and bromine 
till perfectly clear; th* siflphur, which will now all be 
present as alkali sulphate, is determined by precipitation 
with barium chloride in presence of hydrochloric acid in 
the usual way. 

After the removal of the &rbon diAilpbMe, the residual 
1)enzol should be examined by distillation and tested for 
its specific gravity; a reduction both in the amount of 
distillate coming over below 85° and in tht.specific 
gravity should be noticeable if the sample c'qptained an 
appreciable amount of the impurity. • * 

Spielmann and Wheeler (footnota, p. 58) estimate 
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carbon disulphide in commercial benzoteby determining 
the*lpss in speci^c gravity which occurs after treatment 
wilh aleohdiic potash ^rfd washing awa^ the xanthate; 
in the graph, a loss of approximately o oo3|:orresponds 
to I j>cr cent, of carbon dilulphidc, 0 007 to 2 per cent., 
and 0 010 to 3 per cent. Spielmann and Jones (footnote 
I, p. 5g) apply thi» method to fifst runnings in which 
the percentage of carbon disulphide is usually much 
higher than in benzols, by first diluting the sample 
with fivc^tijnes its volumb of benzene free from carbon 
disulphide. . 

The quantity of alcoholic potash rccopimended above 
is sufficient for tht removal of quantities up to 5 per cent, 
of carljon disulphide. In very exceptional cases only 
will the percentage of carbon disulphide in 90 per cent, 
benzol c.xceed this lin^t; usually it only amounts to i to 
2 per cent. In 50 par tent, benzof it^ may sometimes 
amount to a% much as i per cent., whilcin the higher 
boiling products, it is either entirely absent or present 
in traces. The "pure benzene of commerce may contain 
from about 0 • i to 0 • 3 percent. of carbon disulphide. As 
was mentioned above, benzene or tolubne which is to 
be nitrated should be as free as possible from this 
impurity. 

(i) Non-Nitratable Hydrocarbons. — The so-called 
" nitrofication test," for the estimation of benzene, and 
non-nitratable, hydescarbons, by nitrating the benzol, 
will not be described here, owing to its inaccuracy. The 
following method, due to Frank, Kraemer and Spilker, 
is based qn the fact that the benzenoid Jiydrocarbons are 
convertfed, at the ordinary temperature, into water- 
soluble sulphonic acids; the oily residue wjiich is unacted 
on by the acid piay consist of paraffins, naphthenes 
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(♦.<., nyorogenated aromatic; hydrocarbons) and carbdh 
disidphidc. 

200 grams of the sample ait ^lifted, in a separating 
funnel, ant^soo grams of fuming sulphuric acid, contain¬ 
ing 20 ppr cent, of the anhyflridc, are cautiously added 
in jmall amounts, shaking well after each addition. 
When tlie whole oft the acid has been added, flie 
mixture is shaken for 15 minutes, and then allowed 
to stand for two hours to separate. , The lower 
acid layer is run off, add the upper, layer is 
tseated with tvro successive portions of 500 grams 
of the fuming acid as just described. The oily 
layer is separated off, and the atid extracts arc 
united and run slowly and cautiously on to as equal 
weight of pounded ice. Care should be taken that the 
temperature does not rise above ^0°. The diluted acid 
\\dll contain a c|rtain quantity of oily residue, unacted 
on by the fuming acid, which has either keen dissolved 
by the sulphonic acids, or mechanically femoved from 
the main portion. This is separated By distilling the 
mixture from a flask, over a. free flame, the distillate 
being caught irf a small separating funnel. When, apart 
from any oil which passes» over, 50 c.c. of liquid have 
been collected, the disttllation is discontinued, and the 
oily portion of the distillate separated from the aqueous 
layer and added to the main portion. Th* latter is 
treated with successive portions o{ 30 p.c. of fuming 
sulphuric acid as described above, until no further 
sensible diminution in volume takes place. Tha residual 
oil is washed wj^th a small quantity of distiUcd water 
in the funnel, separated carefully, transferred t<f a fared 
flask and weighed. If the carboy dvsulphiJe has pre- 
riously been determined; it may be (deducted from the 

A. I. A. 
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total non-nitratable matter.^ The remainder will consist 
of parens, and possibly also of naphthenes. 

By this method, the jircsencc of an undesirable amount 
of paraffins, which in some cases may be due t.o adultera¬ 
tion with petroleum spirit or shale oil, may be detected. 
Benzols should only contain a few tenths per cent, of 
pataffins, or at the most, only i p»i" cent. Commercial 
xylenes, however, sometimes contain up to 3 per cent, 
of this impurity. 

The metlipd given for the determination of aromatic 
hydrocarbons in petroleum (p. 219) may be referred to 
in connection with the above method and_ other methods 
involving the use of fuming sulphuric acid. As this 
reagcnt^attacks some paraffins, some workers prefer to 
use acid containing only 3 per cent, of SOj, while it will 
be seen that Thole uses g8 per cent, sulphuric acid. It 
is possible that the metliod just described might be 
modified on tjie lines described on p. 219 with advan¬ 
tage. The jwper by Colman and Yeoman (footnote, 
p. 61) jnay also'be consulted. Here the paraffins are 
estimated in the fraction;; up to 90° and from 90° to 
140° by the specific gravities of the dSstillgfes freed 
from carbon disulphide, assuming the specific gravities 
of the paraffins in the two fractions to be 0 73 and 074 
respectively. It is also necessary to know the propor¬ 
tions of thp various aromatic hydrocarbons present, the 
determination of whiph is described in the paper. 

Weiss (footnote, p. 42) describes a more rapid method 
which is better suited for technical work than the above. 
10 C.C. of the benzol is measured into ^ Babcock milk 
bottle (s«le Fig. 22, p. 271), and 10 c.c. of fuming sulphuric 
acid contaitiing 20 per cent, of free SOt are slowly added, 
cooling the bottle in ice water and shaking vigorously 
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after each ad(iition. When all the aaa nas Deen added, 
the bottle is removed from the ice batl^and shakeij until 
the temperature rises to about 40°, ancf alternately 
cooled an^shalcen for fifteen minutes, keeping the tem¬ 
perature below 40°. 10 c.c? more of the acid arc then 
added to the cooled mixture, which is repeatedly shaken 
and coofed, still keeping the temperature below ,|o°. 
Finally, the mixture is allowed to stand at about 35° 
for half an hour after which the t)bttle is again cooled 
in ice water; water is then‘added cautiously in small 
^(^uantities at a iHpf, through a funnel which may be 
made by drawing out a^est tube, so that the water will 
enter below the surface of the acid. • During this part 
of the process, the bottle is shaken and cooled altjrnately 
as above. When sufficient water has been added *to 
bring the level of the liquid well within the graduated 
[Tortion of the^ bottle, the bottle is whirled for five 
minutes in a milk centrifuge (see p. 269)* The volume 
of the paraffins is read off in terms ‘of the larger 
division on the neck of the bottld, neglecting any 
solid sulphone which may, have collected between 
the two.layets. Twice the number of these divi¬ 
sions gives the percenta^ of paraffins by volume in 
the sample. 

The following tests are sometimes applied in order to 
determine the relative purity of commercial benzene and 
toluene or benzols:— 

Bromine A bscfption Tesi .—This test, devised by Frank, 
Kraemer and Spilker, gives an indication of tlje amount 
of hydrocarboi^ present, which combine with bromine 
at the ordinary temperature, i.e., unsaturafed com¬ 
pounds, which should have been rqpmvetf during the 
treatment ofthe benzol with strong sulphuric add. (See 
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p.»54.) If is not applicable to xylene««r to mixtures 
contSipinf; much jf this constituent. 

A* tenUi normal b»crfliitc solution is prepared by dis¬ 
solving 0-9167 grams o*f potassium bromide ^nd 2-7833 
grams of potassium bromattf in water and making up to 
I litre : I c.c. of this solution will liberate 0-008 gram, 
of Bromine on acidification with dilute sulphuric acid.* 

Five c.c. of the sample arc placed in a stoppered bottle 
of about 50 c.c. capagity, together with 10 c.c. of 20 per 
cent, siilphupc acid, and much of the bromide and 
bromate solution as the sample will dgrolorisc after shakt 
ing uninterruptedly for five minutes is quickly added. 
The end point is indicated when the oil floating on the 
top shows an orange red after standing for fifteen 
minutes, and a drop of it momentarily produces a dark 
blue colour on zinc iodide and starch pajier. Preliminary 
trials must be made in wriJer to determine how much oi'j 
the bromine solution will be required, for in the actual 
determination H is neccssar)' that the full amount should 
be addc(J at once," as directed above. 

Pure benzene or toluenq of commerce should give a 
distinct permanent colour after adding only 0-^ c.c. of 
the bromine solution. Commercial 50 per cent, or 90 
per cjnt. benzols require, on an average. 0-6 c.c. and 
rarely more than i c.c. 

SulphuriQ Acid Test .—^This test is also due to Frank, 
Kraertier and Spilkef; it giyes an indication of the 
relative amount of matter present which will react with 
strong sulphuric acid at the ordinary temperature. 
(Compare introductory remarks to the bromine absorp¬ 
tion test.) . 

Five c.c. i>f the .sample arc vigorously ^shaken with 
‘ 5 KBr -t KBrll, (> H,SO, = 6 K«SO, + 3 H ,0 -s 3 Bf,. 
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5 c.c. of conMntrated sulphuric acid in a stoppered 
bottle, for flv^ minutes, and then pomparcd ^fth a 
solution of potassium dichrofliite»in 50 per eent.’sul¬ 
phuric acj^, contained in a similar bottle. 50 and 90 
per cen|. benzols should exJiibit a colour like that of a 
solution containing 0 5 to at most, i 5 gram of chemically 
pure potassium diclromate per lit»e. Xylene will Jive 
a colour like a solution containing 1-2 to 2 0 grams per 
litre, while pure benzene or tolnege of commerce should 
give no colour at all. 

, • According to'Colpian (footnote 2, p. 59) commercial 
toluene should comply with the following test:— 90 c.c. 
of the sample shaken with 10 c.c. Of 90 per cent, sul¬ 
phuric acid for five minutes should develop ijot more 
than a light brown colour. 

Weiss (footnote, p. 42) gives a more elaborate set of 
Standards ma(^ Irom solutions .of ferric and cobaltous 
chlorides, and potassium chromate or .dichromate or 
definite concentrations, or mixtures of these. One ounce 
French square stoppered bottles of uhiform s^ppe and 
size are used for the standards and the tests; 21 c.c. 
of the sampl(f are shaken vigorously for fifteen seconds 
with 7 c.c. of 96 per cent.sulphuric acid, and the colour 
is compared with the standards after standing for ffteen 
minutes. For details of standards see paper. 

X«yLENE. 

The xylene as obtained by the distillation pf coal tar 
contains the thjee isomeric dimethyl benzenes in varying 
proportions, together with smaller quantities of the 
higher benz|ne homologues and pgraffinS. Of these 
constituents, meta xylene is the only one of any use in 
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the manufacture of dyestuffs; the ostho and para 
isomets are not qply useless for this pi^pose, but have 
to be removed befortfthi dhemical treatment of the meta 

t * 

xylene is proceeded with. Paraffins are a vefy undesir¬ 
able impurity and may rtnder the xylene ripfit for 
colour making, if present in large amounts. The follow¬ 
ing' variations in composition of xj'lenes from English 
and Scotch tars were found by Levinstein:—Paraffins, 
3 to 10 per cent., ortho xylene, 3 to 15 per cent., para 
xylene, 3 to ,10 per cent., dnd meta xylene, 70 to 87 per 
cent. 

In practice, most of the ortho xylene is usually removed 
as sulphonic acid in the treatment of the benzol wth 
suljjhurip acid (see p. 54); meta xylene may be separate^ 
from its isomers by converting the mixed xylenes into 
sulphonic acids and th^n steam distilling, when only the 
meta xylene will be regenerated. 

DekmimtiMt of Meta Xylene and faraffins in truae 
Xylene .—^The method described here is due to Crafts. 
A weigl^d quantity of xylene, about 10 to 20 grams, is 
poured on to two and a half times its weight of concen¬ 
trated sulphuric acid contained in a tube ^f hard glass; 
the depth of the xylene layer in millimetres is noted, 
after .which the tube is sealed and heated to 120° for 
one hour, the contents being well mixed by shaking 
from time .to time. After cooling, the tube is opened, 
and tVic contents ara treated .with three to four times 
their bulk of a mixture of equal parts of concentrated 
hydrochloric acid and water, shaken well and allowed to 
stand for pne hour at the ordinary tenjperature. The 
insoluble'oily layer, which consists of saturated hydro¬ 
carbons, chitfly para^ns, is measured in,the tube by 
noting its depth in piillimetres, 6r better still, separated 
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off in a funnelj^stilled and weighed. THfe sftlveht add 
is returned to the tube, which is then resealed and heated 
to 122° for twenty hours. Afte»tljis freatmenj, ttncily 
layer will have'been formed which will consist of approxi¬ 
mately ^ per cent, of the»meta xylene; this may be 
measured, or separated, distilled and weighed : of the 
xylene sulphonic acids formed duyng the heating with 
sulphuric acid, only that derived from the meta xylene 
is decomposed by heating with hydrochloric add imder 
the conditions of the experiment.^ • 

, Spielmann aud Jones (footnote i, p. 5*9^ determine 
paraffins in xylene as*follows:—10 to 20 c.c. of the 
sample which has been distilled fropi 138° to 143° are 
shaken vigorously for forty minutes with two and a 
"half times their volume of diluted fuming Sulphuric 
acid, one volume of acid containing 22 per cent, of SO, 
•to two volumes* of 95 per feA. sulphuric acid. The 
absorption of*the aromatic hydrocarbons is carried out 
in a 100 c.c. flask with a graduated neck.; after shaking, 
the liquid is driven up into the neck by adding 95 per 
cent, sulphuric acid ; the mixture is allowed*to stand 
overnight, and the volume of the paraffins read off. 

fioTOR Benzol. 

The National Benzole Association has recently issued* 
the following specification for benzole for hse a# motor 
spirit -.—Specific gravity : 0-870*to 0*885. Distillation 
test by flash (see pp. 51-53): not less than 75 to 80 per 
cent, at 100°, 90 per cent, jit 125°. SulphurX'see p. 215); 

* For the estimation of ortho and para xylenes and ethyl 
beniene by a continuation of this process, se* Crafts, Comples 
Bendas, 114, p. iiio.. 
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total sot ^vtr 0 40 per cent. Water: till. Colour: 
wSitjr white. Rectification last {cf.p.Cg)^: 90 c.c. shaken 
wit^ JO c.c. yf 90 per ceyt.^sulphuric acid for five minutes 
to impart: not more*tljan a light brown* colour to the 
acid. Acids, alkalies and sulphuretted hydri^en: nil. 
Freezing point: shall not freeze at 25° F. below the 
freezing point of water. ^ 

The necessary tests are described elsewhere. The 
detection of water, acids, etc., calls for no special de¬ 
scription. The analysis of motor spirits containing 
benzol and.paraffin is described in Chapter V. 

The Examination of Middle ok Carbolic Oil and 
* ITS Products. 

The principal constituents of this fraction are phenols- 
and naphthalene, of which phenol itself, i.e., mono- 
hydroxj banzenc, is the jnost valuable., Coal tar phenols, 
are often spoken of as ‘‘ tflr acids,” commercial cresols 
as “ crcsylic acid ’’ and phenol, cither pure or crude, as 
” carbolic acid.” At the ordinary temperature a large 
portion c^f the naphthalene crystallises out from the oil; 
at 40°, middle oil is a brownish yellow liquid, smelling 
of carbolic acid and naphthalene. Its specific ^avity 
at 15-5°, which may be detefmived as described for 
crude coal tar, generally lies between 100 and 1-03 ; 

, if under the lower limit an unduly large amount of light 
oils may be-present. The crude naphthalene present 
amounf^ to 30 pec cent 1 or more.- In practice the greater 
part of the naphthalene is separated by filtration. The 
remaining carbolic oil, which contains phenol, cresols, 
xylenols ani^other higher phenols, neutral ter oils, water, 
naphthalene, pyridine bases, etc., is either sold as such 

for disinfecting purpioses or varnish making, or it is 

• • 
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treated with haptic alkali solution in ordCT t 5 separate 
the phenols fro® the neut^ and basic constituefits. 
The phenols are recovered from the^kaline*Solijtion 1 )y 
precipitation \ffith mineral acid,* and worked up for 
carbolic of*cresylic acids oftvarying degrees of purity, 
by fractional distillation and other processes ; the por¬ 
tion insoluble in alk^i is worked up for heavy solvfflit 
naphtha, pyridine bases and naphthalene. 

Specific Gravity .—The specific gravity of middle oil 
and crude carbohc acid may be determined’as described 
for tar, or by a hydrometer or Westphal balaifce; if by 
toher of the two last mtntioned methods, it is usually 
determined at 38°; should it be necessary to work at 
a higher temperature, a correction of 0-00075 P®*" degree 
is made. * 

Free C«>'6o«.--This may be determined in middle oil 
0* crude carbolic Aid as descijbj'fi for tar (p. 43). 

Distillation T^st .—This may be carried out as de¬ 
scribed under creosote oil (p. 94). Wator, if present, 
may be estimated in the course of this test. 

Tar Bases may be determined as described on p. 96 
for creosote. • 

Crude Naphthalene. —500^ grams of the middle oil are 
cooled and the naphthalene is separated by filtration, 
pressed between filter paper until no longer oily, and 
weighed. It should distil mainly between 210° and 220°. 

Crude Carbolic Acid 

This includes the portion of the middle oil which is 
liquid at the oiflinary or lower temperatureS,«having 
been separated from the solid crude naphthalene by 
filtration. Actording , tq Lunge, *it ’should have an 
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average bt>iling point of 250°, a specificigrSvity between 
0-^ and I-01. and contain from 25 to 35 per cent, of 
pbtnolaanfl about.5*per cent, of pyridine bases. It 
may be examined lot* (a) total phenols hnd water, and 
(b) phenol,the monohydroxy benzene. * 

Total Phenols and Water .—^The following approximate 
mtthod is due to JBach; advanjage is taken of the 
insolubility of the phenols in brine, and their solubility 
in sodium hydroxidb solution. 

Fifty c.c.^&f the sample ore distilled from a retort until 
solid mafter begins to come over^ file distillate beipg 
caught in a clean wide 100 c?c. burette, graduated in 
fifths of a c.c. and furnished with a glass tap. Before 
the distillation 25 c.c. of a saturated solution of coniraon 
silt are introduced into the burette, and the level of the 
liquid is noted. If the carbolic acid contains no water, 
the oil separates cleqj'ljs from the brine, while if the 
contrary is t||e case, an emulsion is formed wliich may, 
however, be broken down by gently agitating the liquid 
and allowing t(z stand. When the layers have become 
distinct, the level of the brine is read off; its increase 
in volume is a measure of the water in the sanjple. The 
brine is then drawn oif, tlu^ level of the oil noted and 
the burette filled to the zero marft with sodium hydroxide 
solution of specific gravity 1-26; after closing with a 
cork the jontents are mixed by shaking vigorously and 
theiJ allowed to settle. If^the burette was originally 
clean and free from grease the oil will have separated 
after half an hour, when its level may be observed. The 
difference between this and the previously observed 
volumefof the oil gives tfie amount of phenols in the 
sample. ‘ 

The percentage 0/ phenols in .crude carbolic acid is 
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very variable, «#pedally as^the inferior qualities aie 
often adulterate(l*with neutral tar oils. ^ The perceptSige 
of phenols is usually stated in flatning the product, e'.g., 
"carbolic aqjd, 25 per cent.,” "carliolic acid, 50 per cent.” 

There ^ no satisfactory iftethod of deteraaining the 
naplithalene or the relative proportions of phenol, cresols 
and higher phenols crude carboMc acid, though iiie 
following process, due to Chas. Lowe, will furnish results 
which will give a rough idea of the.proportion of phenol 
present in a samnle which has*not been adulterated with 
jieutral oils. 

Pltenol, Water and Li^t Oik .—^Tliis method combines 
separation by distillation with the ‘detennination of 
solidifying point of the distillate. 

100 c.c. of the sample are distilled from a retort, ahd 
the distillate is collected in graduated tubes. At first 
water distils anjJ tten an oily fiujS ; when 10 c.c. of the 
latter have been collected, the receiver is (jhanged. The 
volume of the water is read off; if the oily liquid floats 
on the water, it is light oil of tar ; if if sinks it pay be 
regarded as hydrated, phenol, containing about 50 per 
cent, of phenol. The next portion which distils consists 
of anhydrous phenols ; when it measures 62-5 per cent., 
the receiver is again changed. The residue is wholly 
cresols and higher phenols. The fraction consisting of 
62-5 per cent, is cooled and its solidifying ppint deter¬ 
mined ; this should lie between j;5'5°,and 24°.* The 
proportion of phenol to cresols in the fraction may then 
be estimated by determining the solidifying.points of 
synthetic mixtures of pure^ phenol and coal-tar cresol. 
(See below, p. 84.) The solidifying point uiaylre deter¬ 
mined as de^ribed under " Cryst,allijfed Cafbolic Add.” 
(See p. 84.) 
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• The proportion of light ^oils in crude* carbolic acid is 
usutjly small, id the most 5 to 6 p* cent., hence an 
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appreciable quantity of phenol may be lost in the first 
10 per cent, of oily matter distilled. In sojjie cases, 
therefore, it may be best to t jke the solidifying point of 
the distillate coming over between 185 and 195°. When 
dealing with better qualities, i.e., those containing more 
phenol, it ,is recommended to take the solidifying point 
of the distillate con^jng over .between 180 and 190°, as 
in such cases the whole of tlie phenol will naturally, 
come over at lower temperatures. The temperatures 
referred to are indicated by a thermometer, the bulb of 
which is*plav<J vapour of the boiling liquid. 

The abov^ table .contains results obtained by Watson 
Smith by the method just described. 
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The neutraf Qjjs may amount to as mu 5 i is lo per 
cent., and the water may lie between lo and 17 per cetit. 
If an excess of cresylic acid is pr*ei»t, crystallisation'is 
prevented ij the determination of^he solidifying point; 
in this cjise, a second fractienal distillation should be 
madf, this time stopping when the thermometer, plaeed 
in the vapour, indicafts 190“. . • 

The melting and boiling points of phenol and the 
three cresols are as follows :— 


Melting points ° C. 
Hoihng points ® C. 


* Pbepol. 

'4i*5-“43 
' 182 


Orlho 

Cicwl. 

Metn Cresol. 

Para 

Cresol 

30—31 

190*5 

» 

4 

200—201 

3<>-5 

201-8 


.The relative proportions of the* three cresols in coal 
tar are about 35fpcr cent, ortho, ?(o per cent, meta and 
25 per cent. para. The mixture of cresols from coal tar 
boils from 198° to 203°. ^ 

As already mentioned, the above process is only a 
rough one ; thj estimation of phenol in the presence of 
the three'cresols is in reality a difficult and complex 
problem which has re«ntty received the attention of 
several investigators.' The methods are based* on 
specific gravity and solidifying point determinations, the 
material being distilled through special still heads. They 
are generally very elaborate. Fox and Barker lay stress 
*on the proper drying and purification of the phenol and 

•Fox and Barker, J.S.C.I., 1917, p. 842, 1918, &sT. and 
268 T.; G. H. Shaapics, ibid., 19*8, p. 109 T.; Knigkt. Lincoln, 
Formanck and Follet, 1918, p. 9; Weiss and Downs, 

ibid.. 1917, 9, j. 569: Dawson and-Moujlford. y.C..S., 1918, 
P- 935- 
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cresof mixtures before distillation afld' examination, 
pointing out that lack of attention tc» these points has 
probably cAused tho dlserepancies among the results of 
previous investigators'. {Seep. 8l.) 

f 

Pure Carbolic Acid and its Preparations.' 

I 

The crystallised pure carbolic acids of commerce con¬ 
sist of more or less pure phenol; they may contain 
small quantities of cresols'and higher boiling compounds 
which produce a red or yellow colquf, water and traces 
of metallic compounds. 

Liquefied pure carbolic acid usually consists of about 
qo parts of pure phenol and lo parts of water or alcohol. 
It' may be distinguished from “ liquid carbolic acid,” 
which usually consists of cresols and higher homologues 
by the two following to,stc (a) and {b )':— 

(а) Boiling,poitU .—^Liquefied pure carbolic acid begins 
to boil below or near loo”, after which the boiling point 
quickly rises to 185° to iqo°, while the product containing 
cresols will boil at 185“ to 209°. 

(б) Solubility in water .—^The liquefied pf oduef requires 
at most 18 parts of water to give a clear solution, while 
cresjrlic acid is not completely di^lved by even 50 parts 
of water. 

Estimotipn of Phenol .—^The method to be described is 
Koppeschaar’s modi^cation of Landolt's process, based 
on the formation of the insoluble tribromophenol by the 
interaction of phenol and bromine in aqueous solution. 
A known amount of bromine having been added to the 
phenol Solution, potassium’ iodide solution is added, 
whereupon %n amount of iodine correspijnding to the 
excess of free bromine present is liberated; this is 
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estimated by’titration with^ standard sodium thiosul¬ 
phate solution, using starch as indicattjr. The an\ount 
of bromine used up in the forrtfafioi* of tribfomephenol 
may then ^e calculated. It should be noted that this 
method js’cnly applicable t6 the products dealt with 
under the present heading, i.e., pure or nearly pure 
phenol, or solutions 8f the latter which do not contain 
cresols or other substances which also react with bromine 
water. The following solutions wUJ be required:— 

A solution of sodium thiosulphate, corresponding to 
digrams of iodinopqf litre. (5 grams I = 97*64 grams 
NajSjO, 5 HjO.) This ‘solution may be standardised 
according to Volhardt’s method, as described on p. 128. 

Potassium iodide solution. —A 10 per cent, solution of 
the pure salt in water. 

Starch solution. —Freshly prepared by heating half 
a’gram of powdered starch with 5o c.c. of water in 
boiling water. 

Bromine solution. —A solution containingfive molecular 
proportions of potassium bromide to dhe of potassium 
bromate, of such a strength thqt 50 c.c. mixed with 5 c.c. 
of strong bydrcfchloric arid and 100 c.c. of water ‘ requires 
for complete decolorisatiop 86 to 95 c.c. of the thio¬ 
sulphate solution described above. It may be prejjared 
either by dissolving the pure salts in water, in the 
requisite proportions, or by adding to a solutipn of pure 
sodium hydroxide an excels of broqjine imd evaporiting 
,to dryness; 9 grams of the powdered residue are dis¬ 
solved in 100 c.c. of water and diluted to the.requisite 
strength after a jireliminary titration. 

The actual determination of phenol is cameil out as 

* See footDotei p. 68. 2 KI + Br, = a KCr -f I}. 

"i Na,S, 0 , + I, =^Na,S, 0 , + 2 Nal. 
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fgllows: 5 gjams of the sample, or roof* if the amount 
of phenol present is small, are dissolveiin or mixed with 
water, and Inade up td t litre. 25 c.c. of this solution, 
filtered if necessary, arfi placed in a bottle proifided with a 
well fitting stopper, of about 400 c.c. capacity. , 100 c.c. 
of the bromide and bromate solution are added, and then 
5 e.c. of concentratad hydrochloricf acid, in order to set 
free the bromine. The bottle is immediately closed, 
shaken and allowed to stand lor fifteen minutes. 10 c.c. 
of the pot|s.sium iodide •solution are added and the 
whole is Wl mixed again. The pree* iodine liberated 
by the excess of bromine is*estimated by titration 
with the thiosulphate solution, adding a few c.c. of 
the starch solution as indicator towards the end of the 
prbeess. 

If the standard solutions used are of the strength 
prescribed above, an^ the operations ^ carried out as 
described, they;! the percentage of phenol in the sample 
is given by the formula 

• (2 a—h) X o-6l8, 

where a = the number 0/ cubic centimetres of thio¬ 
sulphate solution required by 50 c.c. of the.bromide 
and bromate solution used, a^id b the number of cubic 
centimetres required by the ioAne equivalent to the 
final excess of bromine. 

Care should be taken that the 25 c.c. of solution used 
for tRration do not, contain,more than o-i gram of 
phenol. 

Lloyd has criticised the above method and pro¬ 
posed an alternative one. .Olivier* maintains that this 

o * 

' 1905. 27, p. 16, 

*Rec. TrmuCHm.^Phys, Pays Bas, 1909, 28. p. 354. abs. 
Analyst, 1910,134. - • 
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criticism is ufi%nded, and further states tha? the time 

allowed for the reaction between the phenol an^ ^he 
bromine may safely be reduced t« ^ve minuies pro¬ 
vided that^the*amount of phenol* does not exceed o-og 
gram, and that the strength of the bromide and 
bromate solution is approximately o-8 tenth normal. 
The addition of lo »c. of chloroforin as recommended 
by Lloyd, enables the end point to be determined with 
greater accuracy. 

The following directions are»givcn by Fox.and Barker 
{loc. cii.) for the.&thnation of phenol in cresylic acid, 
the object being to ascertain whether any appreciable 
amount of phenol, say more than 5 per cent., has been 
left ift the cresylic acid. The directions for determina¬ 
tion of solidifying points may be applied to the testing 
of the purer phenol products (see p. 78), or to the dis¬ 
tillates obtained bf the preceding^*proccss (p. 76). 

Determimtion of Phenol in Cresylic A(id .—If more 
than traces of neutral oils, naphthalene and bases are 
present, these must first be removed ;• 100 c.c. of the 
sample are shaken with 200 c.c. of caustic soda solution 
in a separating* funnel, and extracted with three succes¬ 
sive quantities of 20 to 3q c.c. of ether. 

(The neutral oils, etc* may be estimated, if desired, by 
drying the ether solution with calcium chloride, the latter 
being washed with dry ether after removaj and the 
washings added to the main portioi^ evaporating olf the 
^ether in a tared flask on the water bath and weighing 
after heating in the steam oven till all traces, of ether 
have evaporated.) 

The caustic Mlution in the funnel is aciijifibd with 
sulphuric acid, and the aqueous portion itfa off from 
the tar adds during cqpling; the aqueous portion is 

A.I,A. 6 
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extradted'wilh ether to remove dissolved tar adds, and 
the ether extract mixed with the main,6ulk of tar adds. 
The hther solution of ’^ar acids is washed with a nearly 
saturated solution of sodium sulphate 'to remove sul¬ 
phuric acid, and dried with,fused calcium chlbride which 
has been recently ignited and cooled in an atiSiosphere 
of carbon dioxide. (This precaution is taken as heated 
calcium chloride may contain a little lime which would 
combine with the tar acids.) During the following opera¬ 
tions, precautions should.be taken to prevent the tar 
acids absorbing moisture. The cai(jum chloride is 
washed with dry ether after re.nov'al, and the washings 
arc added to thf main ether solution. The ether is 
evaporated off, and the tar acids are distilled from a 
round Bask through a column (Fig. 7 or 8), the con¬ 
denser being an adapter the small diameter limb of 
which is a tube 15 inehra long, placid vertically. The 
flask, the globular poriion of which is 3 inches liigh and 
the neck preferably 4 inches long, is enclosed by an 
asbestos or tin shield having a slot to admit the support¬ 
ing clatnp, and is heated by a naked flame. Connections 
are made with new corkS as rubber will be dissolved. 
The thermometer should be accurately calibrated and 
indicate from 00“ to 250“ in half degrees ; the correction 
for tmergent stem is calculated from the formula 
0-000143 (T-<) iV where T -observed boiling point, 
t » ^pmpe'^ature of middle point of portion of stem 
outside vapour; N - number*bf degrees of stem outside 
vapour. The position of the thermometer bulb is as in' 
Fig. 15. ’ The first distillation is carried up to 210° at 
the rate4of 7 c.c. per minute. This fraction is redistilled 
at the samt' rate up to 202°, and if this fraction does 
not amount' to mdre than 5 per ^ent. {C&se i), it may 
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be ft)iicluded that the sample does not«costaia Inore 
than 5 per cerif of phenol, .and no further test nee^i^e 
applied. If the last distillate, amouits tg more than 
5 per cent. (C#se 2), it is redistiHecf up to and Including 
195°, andHhe resulting distillate is tested for phenol by 
determination of its specific gravity and the bromine 
wdter test. ^ , 

The specific gravity is taken in a’ pyknometer or by a 
Westphd balance, if sufficient material is available, at 
any convenient temperature. The result is corrected 
to 15-5° by the fijrmula t - 15-5 X 0 0005? , 

• * The Bromine “iVater test is carried out by placing o-i 
to 0-2 c.c. of tar acid distillate in a glass cylinder of 
about 100 c.c. capacity, and adding kj c.c. of water, 
two or three drops of concentrated hydrochloric apid, 
shaking, and then adding sufficient of a freshly prepared 
jaturated solutic^i of bromine in water to make the 
volume up to.about 100 c.c*. ‘After shaking well the 
precipitate is allowed to settle ; if the salhple contained 
5 per cent, or more of phenol, a vohimi’nous light pre¬ 
cipitate is formed, the cresols by themselves producing 
a dark oil or heavy granulifr precipitate which settles 
quickly.* The two types of precipitate are also readily 
distinguished by micrescdpic examination. 

If the specific gravity at 15 5° is over i 048, and phenol 
is indicated by the bromine water test, the following 
alternative process must be adopted: If the distillate 
up to 195° amounts to about 50 pter ceut. by volume of 
the total (Case 3), it is weighed, dried with calcium 
chloride as described above, and mixed with sufficient 
pure phenol to«give a mixture containing at .le^t 80 per 
cent, of phenol, which mixture is used fjr the deter¬ 
mination of‘the freezing point as described below. If 
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the distillate tip to 195° is much less than >50 per cent. 
((%f 4). sufficient pure ortho cresol is' added to the 
total fnaterial di^illcdsip to 210° to bring the volume 
of the fraction distilled up to 195° to 50 per cent.; the 
object of this addition is to pause all the phenW to come 
over in this first fraction, which is further treat6d as in 
Ca«; 3 to get material suitable for ^he solidifying point 
determination. 

Both in Case 3 and Case 4 a second fraction is collected 
from 195° to 196-5°; this Inaction should show negative 
results in the'two tests for phenol described under Case 3. 

Solidifying /lojni.—The reason fot adding phenol iii ’ 
Cases 3 and 4 is that mixtures rich in phenol are best 
suited for solidifying point determinations. About 15 
grams of the distilled, weighed and dried tar acids are 
melted and placed in a 6 by J inch test tube, and this 
is surrounded by a 6 «liy inch tube and placed in 
water at 20°. The liqdid is stirred regvfiarly, once per 
second, with a stout copper wire ; at the solidifjung 
point the thermoijietcr rises to a maximum and remains 
stationalty for some time. The percentage of phenol is 
found by reference to tht following dat;?!, which are 
average results obtained with mixtures of knovm com¬ 
position containing pure phenol and commercial cresylic 
acid free from phenol; 100 per cent, phenol, 40-1°; 
95 per cent., 37-4° ; 90 per cent., 34 5°; 85 per cent., 
31-7°; 80 jper cent., 28-9°. The percentage of phenol 
in the original ftunpffi is readily found by allowing for 
the added phenol. 

Crystalused Carbolic Acid. Tests»for Purity. 

4. 

Under thi^‘heading are described the determination 
of (a) the solfdifying point, and (6) water. * 
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{a) Solidifyifl^ Point .—is the most impoijtfht 
test for the punty of crystallisjd phenol., The purest 
phenol solidifies at 40-9°, while fjr’pure phenof of com¬ 
merce, it,is usual to demand a solidifying point of 39° 
to 41°.* The solidifying point may be determined as 
deSbribed on p. 84.^ The presence of water or cre|ols 
will lower the sohdi^ng point, and if any cresols which 
may be present are to be determiued by this method, 
the sample should be dried if necessary,.as described 
on p. 82. , 

• • (b) Water .—^Tfiis •constituent may be determined in 
crystallised carbolic acid by mixing it with five times 
its \seight of dry levigated lead oxide and drying at 70° 
to 80° until constant in weight. The function of the 
lead oxide is a mechanical one, the object of the admix¬ 
ture being to facilitate the evapijration of the water. 

As little as » per cent, of water may be detected by 
the milkiness produced when the phenol fe shaken with 
an equal volume of chloroform. 

Crude carbolic acid, consisting either entirely of 
cresylic acid, cresols, or of a mixture of the latter 
with phenol, is largely used for disinfecting purposes. 
Very often, cresylic afidts mixed with soft soap and 
water to form an emulsion, owing to its sparing«solu- 
bility in water. The analysis of such preparations will 
be described in the chapter on soap! Pure? phenol is 
used in medicine, and in’the mannfacture of dyes and 

* picric add. 

The Examination of'Creosote Oil^aiIe»its 
Products. 

This portion of the toal tar distjUate is a viscous. 
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gr^ish-yellow fluorescent liquid which*partially solidi¬ 
fies oil cooling, ofrin|[ 1j) the separation of naphthalene. 
The solid matter araoupts to some 20 per aent. Creosote 
oil has an average specific gravity of i 04. Its principal 
constituents arc naphthalene, which usually amfiunts to 
20 4 o 30 per cent, or more, and higl^r phenols, including 
cresols, xylenols, nap^thols, etc., which amount to 10 to 
20 per cent. In addition to these may be mentioned 
aniline, and other basic jompounds such as acridine, 
cryptidinei,*and quinoline, and hydwicarbons such as 
methyl naphthalene, diphenyl, anthrJcene, acenaphthend, • 
hydronaphthalenes, etc. 

On redistillation, a little light oil and carbolic acid are 
separated, and the two main fractions obtained, i.e., first 
and second naphthalene oils, are allowed to cool, and 
the naphthalene crystailising out is removed by filtratiop 
and further purified. The mother liquons contain vary¬ 
ing proportions of naphthalene and other hydrocarbons, 
about 10 to 30 pqr cent, of phenols and smaller amounts 
of basit substances. The liquors obtained from the 
more volatile first naphthalene oil are used as disin¬ 
fectants, sometimes by themselves, sometime in the 
form of emulsions with soft doap, or mixed with lime, 
kieselguhr, borax, or other solid material. They may 
also be redistilled to yield a product containing about 
50 pel cent, of phenols which is mixed with sine chloride 
solution to fora an fimulsion for pickling timber. The 
mother liquors wliich form the second naphthalene oil ‘ 
are also Idrgely used for preserving timber, i.e., harbour 
piers, railway sleepers, paving blocks, et«. 

The preparations containing soap, such as creoline 
and lysol, arh treated of in the chapter on Soap. Under 
the next heading the analysis of phenolic disinfecting 
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powders, crebs«ting liquors and the testing oJ naphtjja- 
iene for purity are described. 

The l^AMiNATiON OF PhenAuc Powders for 
, 'Neutral Tar Oils and Phenols. 

Different methods^must be employed, (i.) for prepsya- 
tions made from powders which do’ not combine chemi- ■ 
cally with the phenols, such as bor^ or kieselguhr, and 
(ii.) for those made from lime ov other Ijases forming 
salts with the phpnols. As fs well known,'tJie phenols 
• ire neutralised ffy the qjddes or hydroxides of the alkali 
metals or metals of the alkaline earths, but not by 
alkajine carbonates, borates, etc. 

(i.) Preparations containing non-basic Powders. —This, 
as well as the following method for powders with basic 
constituents, is ta^en from Allen’s " Commercial Organic 
Analysis ’’ (revised edition). * • 

50 grams of the powder are placed iA a thimble of 
filter paper and extracted with ether in’a Soxhlet ex¬ 
traction apparatus. The author would, however, re¬ 
commend the extraction apparatus designed by Bolton 
and Revis * for all work of this kind. It is more efficient 
than the Soxhlet typs, and more readily procurable at 
the present time. Fig. ro shows the general arjange- 
ment; the lower part of the inner or extraction tube, of , 
which there should be three sizes to select from, is lightly 
packed with cotton-woohwhich has prejdously been ex¬ 
tracted with ether, and a disc of filter paper is placed on 
top of the wool; the material is placed on thcpaper. A 
fluted filter paper is placed in the neck o{ the outer 
tube so as to catch the liquid dripping from the inner 
‘" Fatty Poods." Another simple type if described by 
Griffiths Jones, Analyst; 1919, p. 45. 




Fxg, g.—Sozhiet Ext^fcctors. 
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tube. The quality of solvent used shoulS not he 
sufficient to fill the inner tu^. The ether in the flMt 
is boiled as rapidly as is consistenf wkh 
efficient coijdensation ; electric heiting 
is to be preferred. Bolton and ^Revis 
recoipunend immersing the flask to the 
shoulder in a water'bath in which a 
16 c.p. electric lamp is partially sub¬ 
merged. Carbon filament lamps a!re 
the best for this purpose, giving more 
heat than metal filapent ones. With 
the Soxhlet apparatus ft: is usual to 
allow four hours for extraction in most 
cases, but with the extractor described 
here the process is considerably shorter, 
partly owing to the fact that the 
mlterial is heated* by the vapopr of 
the solvent passing upwards between 
the two tubes. 

The ethereal solution which contains • 
the phenol is shaken with 20,c.c. of a 
20 per Cftnt. solution of sodium hy¬ 
droxide. (The amount oi^soda solu¬ 
tion may be varied according to 
the amount of phenols supposed to 
be present, using i c.c. for each i kis, lo. 
per cent.) The ethereal, solution is Bolton and R%vi«‘ 
.separated off, and the alkaline solution Extractor, 
shaken out with two successive portions qf ether, 
in order to extract the whole of the neutral tar oils. The 
united ether solutions are then shaken out wi^^ small 
quantity of dilute sodium hydroxide sqlution* in order to 
remove any traces of-phenols which may remain with 
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ttjc neutral oils, evaporated m a tared fesk on the water 
bMh, and wciglijd, afjer drying at lod’ C. for one hour. 



Fig. II.—Electric Heater. 


The united alkaline solutions are boiled down in a 
flask* to about in volume,' transferred to a 

graduated cylinder or burette, and acidified with dilute* 
sulphurio acid containing one part of the concentrated 
add to^yiree parts of water. When, the mixture is 

‘ Phenols ^ing steam volatile and having only weakly addic 
ptopertiea, may be lost owing to the hydrolysis of their salts 
nnleai as excess of caustic soda is pieeent (mass action). 
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quite cold the ^Wlume of the, separated phenols is re^ 
, off, the weight being estimated oo the iissumption.that 
I c.c. weighs 1^50 grams. If 'the presence of fetty or 
resin acids^is suspected, the contents of the burette are 
transferred to a flask hnd submitted to steam distilla- 
tion*: the phenols wll pass over the distillate, while 
the acids will remain in the flask. The latter may te 
characterised by their solubility in sodium carbonate 
solution. . ^ 

(ii.) Preparation^ containing'Basic Powdersr—^so grams 
of the alkaline poVder aj^ mixed in a mortar with 5 c.c. 
of water, after which strong sulphuric acid is added, 
drop .by drop, at intervals and mixed well into the 
powder or paste by means of a pestle; the addition of 
the acid should extend over several hours, in order to 
avoid a sensible ijse in temperajure; it is continued 
until the whole mass is distinctly>acid. If the resulting 
product is a paste, it is mixed with sufiicient sand to 
bring it into a granular form ; it is then extracted with 
ether in the Soxhlet apparatus, and th'e extract is sub¬ 
mitted to the same treatment as described above for 
non-alkahne powders. 

According to Allen, gxid powders should contain from 
12 to 18 per cent, of phenols. It is doubtful whfther 
powders containing lime are as efficient for disinfecting 
purposes as those in which the phenols are present in 
the free state. 

The Testing of Creosoting Ligoog. 

Most of the caeosote oil distilled is used for preserving 
timber which is to be used for railway sleepers, telegraph 
poles, harbour piers, paving blocks, etc. The basic con¬ 
stituents of the oil are bdieved to b? of as much wdue 
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a^the phenols as antisept/cs, and, mWeover, they are 
said .to form rejin-iiliie combinations Vith the phenols 
and unsaturated hj droc'arbons, which §11 up the pores 
ol the wood and protect it from destructiop. by micro¬ 
organisms. Extensive adWteration with lignite, shale 
and rosin oils, which contain no bases, is therefore 
objectionable. The naphthalene and other neutral con¬ 
stituents are also believed to be beneficial, for, being 
introduced into the ijrood in a liquid state at about 50°, 
they soliihfj; in the pores find form a protective covering 
throughout. The amount of ijtchy matter should not 
be high, otherwise the creosote will not penetrate well 
into the wood, arid the pitch should be soft. , 

The .following results of bacteriological tests with 
organisms which grow on moist wood, by Weiss,' are 
of interest;—Neutral^oils of creosote, especially those 
boiling from 235° to -^o*, are strong aptiseptics, those 
of higher boiling point being much weaker, those of 
lower boiling point being slightly weaker. The coal'tar 
bases jnd acids’of high boiling point are strong anti¬ 
septics, the strength of the acids increasing with the 
boiling point. The solid hydrocarbons, naphthalene and 
anthracene have low antiseptic v^lue, and paraffins have 
none, at all. The addition of filtered tar does not 
materially reduce the antiseptic value. Coal tar creosote 
is a much better preservative than producer gas tar 
distillates or petroleum residuts. 

These observations are in accord with Sage’s state-» 
ments• that creosote should be "the product of de¬ 
structive distillation of bituminous coa^ and free from 
admixtiD-e otother oils " : and that the germicidal value 
of London Jreosote is about twice that of crystallised 

'J.S.C.I., tgit, 30„p. 1348. 1911. 30, p. 588. 
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carbolic acid ‘wjjpn tested against BaciUh fyphosus. 
Again, the Americjin Committfee on Wood Preservative^ 
laid down that creosote should, ctfn^st'of aH distillate 
oils coming ove^ between 200° and 300° from tars con¬ 
sisting principally of substances of the aromatic series, 
and containing well-defined amounts of phenoloids. 

In testing creosotiag liquor it is often necessary to 
adhere to a method described in a contract in which 
are stated the conditions which the ortirle must fulfil. 
With such a complex mixture's efeosoting"liquor, the 
analytical results,often vary considerably with slight 
ilariations in the method »f analysis, and must therefore 
be judged with due regard to the process by which they 
have been obtained. 

Specific Gravity .—If taken at 15-5°, this may be'deter¬ 
mined as described for tar (p. 42). Sage {loc. cit.) 
reoommends weighing 100 c.c., at* 60“ and comparing 
the weight with the same volume of water at this tem¬ 
perature, or using the Westphal balance witfi the sample 
at 60°. Sometimes the detennination Is made at 38°, 
but some creosotes may not be entirely liquid a( this 
temperature. . 

Forrest ® gives the specific gravities for various creo¬ 
sotes as ranging from i-(^ to 116 at 15°, and the specific 
gravities of other materials for wood paving blocks ftoni 
i-io to 1-17 at 38°. -Mleman’ recommends that the 
specific gravity should be 1 10. 

Fluidify .—Sage recommends keeping fhe sample at 
40° and noting whether it is fluid at this temperature. 
Another portion is kept at 15° for six hours, stirring and 
adding a crystal df naphthalene occasionally ^ tlliejresults 

>/.S.C,/., 1^14, 33, 832. if, p. 193. 

• Aba.. J.S.C.I., 1914. 33 - P- ® 3 a- 
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are retufnefl as fluid, quite solid or some salts (».«., 

ilaphthalene, etc.) deposited. ,' 

In ■Wew.of vfhat said regarding naphthalene in 
the introductory reiyarks to this section, it seems the 
creosote might well be required at least td conform to 
the requirement in Tidy’s time-honoured specification 
that it should be completely liquid at 38”, no deposit 
taking place until it is cooled to 35°. In a test of this 
sort the conditions.for crystallisation should be promoted 
a.s recommonded bySagq. 

Free GaHon .—This may be dctemiined as described 
under tar (p. 43). The best credfeotes contain no free 
carbon. Sage recommends that the percentage should 
be not over 0 25 per cent. Any notable amount would 
indicate adulteration with crude tar, and would very 
probably interfere with the penetrating properties of 
the creosote. • . . 

Distillation Test {ifncluding Estimation of Water ).— 
Sage distils 100 c.c. of the sample from a hard glass 
retort, measuring 8 oz. up to the bend, and covered in 
with ^isbestos or a cut out tin can. The thermometer 
is placed with the bulb lb the liquid, nqt less than half 
an inch from the bottom of the retort The'distillates 
are collected in separate measuring cylinders (see p. 52) 
as follows up to 210°, 210° to 235°, 235° to 270° and 
270“to 315°. 

T,he water, if any. coming over with the first portions 
may be measmed ; 'if necesssfry, solvent naphtha may be 
added in order to get a clear separation. If more than 
I per c^t. of water is present, the sample should first 
be distilkd to remove water, and any oil distilled at 

* Some wo.'kcrs do not agree with this position of the bulb, 
and prefer to have *it in the vapour. _ ' 
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the same time separated and returned t<f tMe dry oil 
in the retort. 

After measuring at 60°, all tli< fjacfions-up to'315° 
may be combined for the determii^tion of the tar acids. 
The pitchy "residue is weighed and its consistency noted 
(see introductory remarks to this section). 

Alleman, reporting on the “ Qualities and Charac¬ 
teristics of Creosote in Well-Preserved Timbers," ’ states 
that such creosotes yielded on an average 32-9 per cent, 
of distillate below 270° andd)6-8"per cent, of oils of 
higher boiling point. He states that the defects of most 
Tmodern creosotes arc a deficiency of basic oils of high 
boiling point (see p. 92) and the sub^itution for them 
of tat or other viscous substances. (See under Free 
Carbon. A large pitch residue would also indicate adul¬ 
teration with tar.) Tar has a low penetrating power. 
Farther, the creoaote should ^contain nothing boiling 
below 210°, and material for ge'neral purposes should 
yield not more than 50 per cent, below 315°, while 
material for wood paving blocks should yield not more 
than 35 per cent, below this temperature. * 

Tar Acids {PJmtiols). —^These'are estimated in the com¬ 
bined fractions boiling up to 315°, shaking out with 
three successive portioife oi 20 c.c. of 15 per cent, caustic 
soda solution, acidifying the alkaline extracts with dilute 
sulphuric acid (i to 3) in a measuring cylinder, and 
measuring the liberated phenols at 60°. The oil is 
shaken with the soda solution in a' flask' heated on the 
water bath, after which the mixture is transferred to a 
separating funnel. Care should be taken to remove as 
much as possible of the oily matter by medm of the 
separating funnel, after which the alkaline fiquid should 
’■Ab«, y.$.C./., 1914, 33, p! 83*. 
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, * • 

be boile(f vigorously (see footnote, p. ^)*to expel the 

trices of non-phenolic oil i^hich it may retain. 

Foir^t (footn?>te,2,*p* 93) found from nil to i3'6 per 
cent, of tar acids int various material/for^ wood pre¬ 
serving. Good creosote should contain ^t leaSit eight or 
nine per cent, of these constituents. (See introductory 
remarks to this section.) » 

Estinuition of the Basic Constituents .—^The following 
method is due to Sadtler : loo c.c. of the creosote oil 
arc distilled'from a retort to the point of coking,‘ and 
the distiltale is agitated with two Successive portiops^ 
of 20 c.c. of dilute sulphuric Scid (i to 3). The acid 
solution which contains the bases in the form of sul¬ 
phates is separated off and rendered alkaline bj" the 
addition of sodium hydroxide solution. The bases are 
liberated, partly in the form of an oily layer, and partly 
in aqueous solution. ‘I'h? oily layer iS separated off, and 
the alkaline liquid is ‘distilled nearly to dryness. The 
distillate is mixed with the oily extract and the whole 
is acidified with., hydrochloric acid, and evaporated to 
dryness on the water bath. The residue, which consists 
of the hydrochlorides of ftic tar bases, is dissolved in a 
small quantity of water, and^ solid sodium hydroxide is 
dissolved in the liquid till a saturated solution is obtained. 
The bases may then be separated, weighed, and, if desired, 
further examined by conversion into platini-chlorides. 
They majf, however, be more conveniently estimated by 
the following titration proce'ss,* which was originally 
devised for the estimation of tar bases in sheep dips. 

(See Chapter IV.) 

<> * 

‘ Sage Tioc. « 1 .) estimates the bases in the distillate up to 315°. 

• Bureau 4 Animjil Industry, Bulletin 107,. U.S. Dept, ol 
Agiicnlture. . • 
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The acid shlij^on of the bases is filterecf if necessaiy, 
made up to 300.C.C. with wfeter, and divided into fwo 
equal portions in two similar iiftation flasks qf about 
300 c.c. capaci^'. To the content* of one of these flasks 
is added £f*drop or two of methyl orange solution, and 
then semi-normal sodium hydroxide solution until the 
red tint just disappears, as nearly as can be judged by 
comparison with the other portion which has been 
treated with an equal amount of methyl orange, 
o-i to 0-2 c.c. of semi-nosmal soda solution arc 
then added. TJiis first titration is not quantita¬ 
tive, but is carried eftt to obtain a standard by 
which the second portion may be titrated to neu¬ 
trality. 

A neutral solution of the chlorides or sulphates of the 
bases is thus obtained; any firrther addition of alkali 
W9u]d produce ai* alkaline rqaefton with the methyl 
orange. Phenof phthalein is now added.^and titration 
is continued to the end point of this indicator; the 
reason why an alkaline reaction is not observed im¬ 
mediately is that the alkali displaces the tar bases from 
combination wth the mineral acids, and the Unrated 
bases have no action on the phenol phthalein; only 
when the whole of the bases has been liberated will the 
alkali added produce a coloration with the pBenol 
phthalein. The number of cubic centimetres of soda 
solution used between the two indicators, multiplied by 
0*079, Sives the total amount of the bases in terms 
*of pyridine, or, multiplied by 0*129, in terms of 
quinoline. 

Paraffins {CenlHfugal Method). —^Weiss (footiibtj, p. 42) 
gives the following method for the testing o*’* heavy and 
middle oils, which is ap adaptation ofthat due to Bate- 
A.1.1. 7 
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men.* The principle is similar to .that^fThe methods 
described on pp. 66 and 67 for benzols. Ten grams of the 
sample arc weighed inf* a Babcock milk bottle (see Fig. 
22, p. 271), 40 c.c. of 37 N. sulphuric /cid Jtotal SOj, 
80-07 per rent.) are added,*10 c.c. at a time, the bottle 
being shaken for two minutes after each addition. After 
airthe acid has been added, the bottle is kept at 98° to 
100° for one hour, shaking vigorously every ten minutes. 
The bottle is then cOoled, filled to the top with ordinate 
sulphuric acid, and wliirlnd for five minutes in a centiP 
fuge. The unsulj)honated residue, erh^isting chiefly of 
parafllns, should be a clear tralisparent oil; it is read 
off on the scale, the reading in terms of the larger divi¬ 
sions giving the percentage when multiplied by twb. 

Dimethyl Stdphate. Method .—This is an application of 
Valcnta's test (seep.242). R. M. Chapin® recommends 
the following test in plhcg of or as supplementary to the 
sulphonation Jest: 5 c.c. of the sample‘are shaken in a 
narrow tube with 8 c.c. of dimethyl sulphate and allowed 
to stand ; the •aromatic compounds dissolve in the 
dimetfiyl sulphate, and form the lower layer, while the 
paraffihs, if any, will be seen as an upper layer. If a 
gradu.ated tube is used, the approximate amount of 
paraffins may be estimated. * 

This method is not so applicable to mixtures of low 
boiling point, as the lighter paraffins are somewhat 
soluble in dimethyl sulphate. The method is, however, 
useful for the Setection of creosotes of doubtful origin, 
or heavyj)etroleum oils in admixture with creosote. 

Sage (loc. cit.) states that English creosote contains 
• • • 

* U.S. Dept? Agric. Forest SerNicc, Circular igr, abs. J.S.C 
i9ia. 31. 425^ , 

•U.S. Dept. Agric. Circular 167, aba. Analyst, 1911. 585. 
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very little parilfin, onc-haltpcr cent, at the most; wfiile 
blast furnace creosote contains 5 t» 6 per cent, of 
paraffins. Frjm what has been saiS in the introductory 
reniarks t» this section, it is obvious that a good creosote 
should show only a very small sulplionation residue; and 
practically nothing insoluble in dimethyl sulphite. 
Appreciable amounts of paraffins will indicate that the 
creosote was obtained from tar which has been distilled 
at a low temperature (see p. 38).or from.blast furnace 
’^Rir, or that it ha^ been adulterated with pdtcolcum oils. 

K.tPHTtlALENI!. 

Tbis substance occurs in coal tar to the extent of 5 to 
10 per cent., being one of its chief constituents.* In the 
dyeing industry it is of great importance as the source 
of the naphthols, japhthylamino/iphthalic acid, etc. As 
mentione<l above, naphthalene i» obtained from the car¬ 
bolic oil and creosote oil fractions of coal tar ; it is freed 
from phenols by washing with caustic alkali solution, 
and sometimes with sulphuric acid, which remotes the 
phenols as sulphonic acids.* Further purification is 
effected* by filter-pressing the warm material, and 
fractional distillation., ■ 

The Testing of Naphthalene for Purity .—Naphthalene 
which is to be chemically treated is required to be as 
pure as possible. The purest naphthalene mefts at,79-5° 
to 79-8° and boils at 217'ito 218° ftt 76# mm. pressure. 

• The following tests for purity may be applied to com¬ 
mercial naphthalene: ‘ 

(1) Dissolve id hot pure {oncentrated sulphuric acid ; 
the solution should turn only faintly pu^le or pink. 
With less pure brands it will turn re* * 

(2) Pour pure fumihg nitric acid on to the bottom of 
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a desiccator, and place the naphthalene in a'watch glass 
above it, covering up tlje whole as usuaf; if the sample 
remains White for half a‘n hour it is good, and if for two 
hours, it is excellent. ‘Inferior qualities soon Jum pink. 
After some hours, all samplcSi go yellow, probably owing 
to the formation of nitronaphthalene. 

(3) Phenols may be tested for bjl" boiling the sample 
with dilute sodium hydroxide solution, cooling, filtering 
and adding to the filtrate a little bromine water and 
dilute hydrochloric acid any phenols which may be 
present will be precipitated a^ bromine' derivatives. 

(4) Quinoline bases may be t'ested for by dissolving 
the sample in concentrated sulphuric acid, pouring the 
solution into water and filtering ; on making the filtrate 
alkaline and distilling, the bases will pass over with the 
steam and be recognisable by their characteristic smell. 

For naphthalene whifhds to be useh as insecticide Oc 
for carburetting gas, the tests for purity need not be so 
stringent. 


Anthracene Oil Products. 

Anthracene oil, which is distilled from‘abou{ 270° to 
the point of pitching, is a greenish yellow fluid, turning 
browp on exposure to air, and oofting from 280” to 400°. 
On cooling to the ordinary temperature it becomes semi¬ 
solid, yielding a crystalline deposit of crude anthracene, 
amounting to |bout,3o per <jsnt. of the total. Crude 
anthracene is an exceedingly complex mixture; in, 
addition to many substances of unknown constitution, 
it contain^ the following ; naphthalene and homologues, 
anthracene, •methyl anthracene, etc., phenanthrene, 
acenaphten^ diphenyl, pyrene, fluorene and other hydro¬ 
carbons of high molecular weight, phenols of complex 
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constitution, UtA nitrogen compounds such as carbaz&le, 
acridine and imidophenyl naph^yl. •The fluid portions 
of the anthracene oil are of little vjJue; they are either 
redistilled or used as lubricants. The solid constituents 
are worked up for anthracene, which is one of the most 
Vcduable constituents of coal tar, being the basis of.the 
alizarin dyes. It is present in coal tar to the extent of 
about 0-3 to 0'9 per cent., and constitutes from 2\ to 3i 
per cent, of the anthracene ml. The other constituents 
of anthracene oil, "'ith the exception of ctidiazole, are 
of little or no cdmmerQal importance. 

After pressing, first cold and then hot, a crude anthra¬ 
cene cake containing some 30 to 40 ^r cent, of anthra¬ 
cene is obtained. A second crop, crystallised from the 
anthracene oil at about 15°, yields an anthracene cake 
containing 10 pej cent, of anthr*cene. The subsequent 
processes by which pure antfiracene is obtained consist 
mainly in washing the finely divided* product with 
solvents such as naphtha, creosote oil^ acetone or liquid 
sulphur dioxide. 

The Examination of Crude or Purified 

.^NTHRACENE. 

The value of the product depends, firstly, on the 
amount of real anthracene it contains, and secondly, on 
its freedom from undesirable impurities, the cljief of 
which aie the higher paraffins artfi methyl anthracene, 
which are often present in appreciable quantities in 
some tars, notably those from Scotland and the north of 
England. These impuritiqg are very difficull»tc>remove, 
and if present in appreciable quantities render the 
anthracene unfit for alizarin making; the paraffins 
especially impede the oxidation to anthraquinone, and 
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render the purification of th^ latter diffic*dt. Carbazole 
is another objectipnablf impurity which should be re¬ 
moved as completely as 'possible. The estimation of 
anthracene and the dktection and estimation of the 
impurities just mentioned art; described below. ■ 

Crude unwashed anthracene cake formerly contained 
about 30 to 40 per cent, of anthracene, but in recent 
years it has been found possible to obtain a product 
containiiif; already at this stage from 40 to 50 per cent., 

or even morn, of anthracenV. 

‘ « 

The Estimntion of Anthracene in. Crude or Purified 

Anthracene Cake .—The method usually adopted is 
known as the " Hhchst test,” in which the anthrafene 
is quantitatively oxidised to anthraquinone, by means 
of chromic acid in acetic acid solution, and estimated as 
such. During the process practically all the accompany¬ 
ing substances arc eitl»er*completely ojjidiscd or con¬ 
verted into products which arc easily removed by wash¬ 
ing with water or dilute alkaline solution. In order that 
reliabl(4results may be obtained, the following directions 
should be closely adhered to: 

I gram of the carefully sampled anthracene* cake is 
treated with 45 c.c. of pme gkci^l acetic acid in a 500 
c.c. flqsk, fitted with a reflux condenser, and the mixture 
is kept boiling while a •solution of 15 grams of pure 
chromic acid in 10 c.c. of glacial acetic acid and 10 c.c. 
of waVer is addfd drop by drpp; the addition of this 
oxidising mixture is to extend over two hours, after . 
which the .boiling is continued for two hours more. The 
mixture is Jhen allowed to stand for twe\ve hours, when 
400 c.c. of cold water are added. After another three 
hours, the precipitated anthraquinone is collected on a 
filter and washed, first with distiBed water, then with 
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200 c.c. of a Wiling i per ,cent. solution of potassium 
hydroxide, and'finally with ho^ distj)led water. The 
quinone is tli^n transferred, 'wfth’the aid of* a wash 
bottle, to^a dish, dried at ioo°, afid treated with lo c.c. 
of fuming sijlphuric acid at ^ioo" for ten minutes on the 
water bath. The solution thus obtained is poured into 
a flat dish and kept for twelve hours in a moist atmo¬ 
sphere, say, on a thick layer of moist blotting paper under 
a bell iar, to absorb water. 2oo.c.c. of cold water are 
then added to the^contents ofrhe dish ; the.precipitated 
anthraquinone is collected on a filter, and washed, first 
with distilled water, then with boiling l per cent, potas- 
siurq hydroxide solution, and finally'with hot distilled 
water. The residue on the filter is transferred to a 
platinum dish, dried and weighed ; after volatilising the 
(^uinone at a gentle heat, the dis^ is re-weighed with the 
particles of asl^ and coal whirfi remain. The difference 
between the two weights is equal to th» weight of the 
anthraquinone, which, multiplied by O'SflO, is equal to 
the weight of real anthracene in the simple. , 

The anthraquinone got by, the above process should 
be crystalline, and of a pale yellow colour. An orange 
or red colour indicatcf the presence of the quinones of 
other hydrocarbons, especially those of phenanthrjne or 
chrysene, the latter being recognisable by the indigo 
coloration which it produces on the additipn of con¬ 
centrated sulphuric acid.. The quinone^of imido jJhenyl 
naphthyl prevents the crystallisation of the anthra¬ 
quinone ; according to Allen, it may be destroyed by 
longer heating, with fuming sulphuric aciij. ^In the 
presence of methyl anAracene the anthraquinone 
obtained does not show the usual characteistic needles, 
but it is more or les?felted. 
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•Levris * employs the Moving methodM purifying the 
anthraquinone i» preforence to the metliod of treatment 
with futning acid described above. It^is more expe¬ 
ditious, and is claimed to estimate accurately anthra- 
quinonc in samples contaminated either with large 
amounts of phenanthraquinone qr anthracene. One 
part of antliraquinone, wet with alcohol, is mixed with 
two parts of zinc dust and about fifty parts of hot sodium 
hydroxide solution ; .the mixture is heated just below 
the boiling •point for five minutes, ,and then rapidly 
filtered by suction and washed, once itith water. The 
filter paper with the residue is heated with another 
portion of soda solution, and rapidly filtered into the 
same flask. The heating and filtration are repeated a 
third time with a fresh portion of soda solution to ensure 
that all the anthraqvinone has beqn converted into 
oxanthranol,® which fomfe a red solution in a solution 
of caustic alkali of the strength used ; if no red colour 
is formed on boiling the residue for the third time with 
soda solution, the reduction is known to be complete. 
The filtrations must be earned out as rapidly as possible 
for oxanthranol is reconverted into anthraquinone by 
atmospheric oxidation, a proeess, which is now applied 
to th? filtrate. The suction flask is cooled in water and 
shaken while a stream of air is being drawn through it 
until the .red colour has disappeared The resulting 
anthraquinone js filtered on ar weighed Gooch crucible, 
washed with water, dried at iio° and weighed. 

If the -reduction process is carried too far, some 
anthrappl ? may be formed this should be avoided as 

‘y./.i'.c., 1918,10,425, 

^CHpH COH 

\x) , c 

B 
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anthranol is iMt converte<J into anthraquinone by 
atmospheric oxi<fation, its presence i^detected by any 
yellow colour fin the filtrate* troJh the reoxidation. 
A green colour in the reoxidisid product indicates 
a reduced compound of phenanthraquinone of unknown 
structure. The pre^nce of phenanthraquinone leads 
to high results, but when present in amounts *of 
less than lo per cent., the error is negligible for 
practical purposes. 

Carbazole,^ like^imido phenyl naphthyl,K produces a 
quinone which fhterfergs with the purification of the 
anthraquinone; according to Behrens, it is detected 
by gctractiijg the anthracene with cbld ethyl acetate, 
evaporating the solvent on a watch glass and warming 
with a few drops of nitrobenzene and phenanthra¬ 
quinone ; characteristic narrow^ plates of a coppery 
lustre are got ijcarbazole is pfesgnt. 

Estimation of Carbazole .—^This substance, which occurs 
in coal tar to about the same extent as anthracene, has 
lately become of some importance ai raw matgfial in 
the cyanide industry, as well as in the manufacture of 
dyes. Owing to the weakly acidic nature of the imido 
group which it contaips, it may be separated from the 
accompanying constituents by heating with pptash, 
when a potassium derivative is formed. 

For its estimation, Kraemer and Spilker i;pcommend 
the following process: the crude anthr^ene, in a'finely 
• divided state, is extracted with warm dilute sulphuric 
add, which removes all other nitrogen compounds which 
are of a basic pature. The nitrogen is theq estimated 
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iq the residue by Kjeldahl’s process’•^see p. 21) and 
calculated to carbazolc. ' 

The Determinalion nj Paraffins in Crude Anthracene .— 
Kraemer and Spilkcnrecomniend the following process, 
which, in theory, is the same as their process.for esti¬ 
mating paraffins in benzol (see p. 64): 10 grams of<the 
fiilely powdered anthracene are sltakcn with 70 c.c of 
ether in a 100 c.c. measuring flask for ten minutes, the 
flask is filled to the mark with ether, and the contents 
arc allowed t'o settle. 5o%.c. of the clear solution, repre¬ 
senting 5*grams of the sample, are latroduced into a 
porcelain dish, the ether is allowed to evaporate, and 
the residue is dried at 100° for half an Jiour. After 
cooling, it is triturated with 8 c.c. of fuming sulphuric 
acid, containing 20 per cent, of SOj. The dish is covered 
with a watch glass and heated to 100° for three hours, 
with frequent stirringly The contents are then washed 
into a beaker \yith 500 c.c. of hot water and, after cooling, 
passed through a dry filter. The beaker is rinsed out 
on "to the filter, wiiich is washed with water Jintil barium 
chloride solution no longe^ produces a precipitate in the 
filtrate ; the filter is then allowed to drain, tlioroughly 
moistened with absolute alcphol, and the paraffin is 
washed by means of ether into a weighed dish until a 
few drops of the running ether leave no residue on 
evaporation. The last traces of paraffin are removed 
from the beaker by iqeans of q^her, which is also passed 
through the filter and added to the main portion. The 
total ethqf solution is evaporated in the dish, the 
residue dried at 105° for two hours, and weighed as 
parafiin.* , 

^ As these s^t^tanc^ contain cyclic nitrogen, it is best to 
employ the Gunning-Arnold method (set lootnote, p. 27). 
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Good anthracenes should contain little or no paraffin; 
^ inferior qualities iftay, however, contain about 4 to 6 per 
cent, of this con|tituent. 
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CHAPTER III 

THE FAtA oils and fats 
INTRODUCS'ORY 

The fatty oils'and fats constitute a well-define^group 
of natural products of outstanding economic importance. 
Consisting essentially of mixtures of the mixed or simple 
neutral glycerol estere of the aliphatic acids and other 
acids belonging to allied*series, they mjiy be hydrolysed 
by the action of caustic alkali with the formation of 
free glycerol and the potassium or sodium salts of the 
fatty^ acids; vthen the aqueous solutions of these 
salts, which are generally known as soaps, are acidified 
with mineral acid, the bulk of the fatty •acids are 
precipitated. These chemical jharacteristics mark off 
the,fatty oils from other substances also known as 
oils, «.g, the essential oils (terpenes), the 'petroleum or 
coal tar/ills (hydrocarbons), but indicate a certain 
relationship ^^th .the waxes, which, however, are 
essentially esters of monohydric alcohols of high mole^ 
cular weight. 

The acjds which are most commonl^^met with in the 
saponificatien products of the oils and fats are as 
follows;— 

(i) The aliphatic acids containing an even number of 
log 
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carbon atoms'frfljn butyric acid, C.H.O., (o Irachfdic 
acid. C,„H„ 0 ,. . 

* (2) Unsaturated open chain fuid^ yfblding dibromo 

additive compoilnds, of which the pore well-known are 
oleic acid^ (CH, (CHJjCH=CH (CH^; COOH); 

rapic acid, CjjHjjOj; and erucic acid, CjjH4j02 

(C,H; -tH = CH (CHj)„COOH). 

(3) Unsaturated acids yielding tetrabromo additive 

compounds, of which one of^he •most wsll-known is 
linolic acid, • • 

(4) Acids yielding hexabromo additive compounds, of 
which the most well-known is linolenic acid, C,gHjjO,. 

(5) ‘Acids yielding octobromo additive compounds, e.g., 

clupadonic acid, CigHjgOg. • 

In addition to the above, higher or lower aliphatic 
acids than those mentioned, acids containing uneven 
numbers of carbon atoms in ^he molecule, cyclic un¬ 
saturated acids and hydroxy acids may‘be met with 
in small quantities or in isolated cases. The chemical 
constitution of many of the acids obtained from the oils 
and fats is, as yet, doubtful. * 

By far the greater number of the fatty oils and fats are 
complex mixtures froiw which it is generally extremely 
difficult to isolate chemical individuals; many of the 
methods for their examination and identification are 
therefore methods for determining the mean of certain 
^ chemical or physical charibteristic^of their constituents 
or of the niixtttres of fatty acids which have been obtained 
from them by certain standard methods. Under this 
heading come ttie so-calle^ " quantitative seactions " 
such as the determination of the iodine absorbing power 
and the saponification value, which are described below. 
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Chemicaf methods of a more definite nature may, how¬ 
ever, be employed in certam cases ; aS an example may , 
be mcDtioned tfie examination of the small amounts of 
unsaponifiable matter which are present in jill fatty oils 
and fats. The vegetable «ils and fats, or at least all the 
more commonly known members of this group, coatain 
small amounts of an easily recogifised substance known 
as phytosterol, which is absent from all animal fats : 
the latter, on the'other hand, contain small amounts 
of cholesterbl, which' is fcbsent from the vegetable pro¬ 
ducts. Another example is seen m. the isolation of 
arachidic acid from arachis oilT The colour tests, such 
as those employed for the recognition of sesame and 
cotton-secd oils, depend on the detection of small 
amounVs of characteristic constituents of these oils by 
chemical means. 

All fatty oils and fafe contain smaller or larger amounts 
of free fatty jcids in Ac natural state : in oils and fats 
of animal origin the proportion of free acids is normally 
very small ; in .vegetabh' oils and fats it is generally 
largcfl an extreme case jieing that of palm oil, which 
may contain from lo to ^ per cent, of free faity acids. 
One of the principal objects pf the refining processes to 
which vegetable oils and fats are submitted is the re- 
movil of these free acids by treatment with limited 
amounts of alkali; such processes arc, however, only 
undertaken in the case of products in which the amounts 
of free acids ."fre normally confined within reasonable, 
limits. 

All fatty oils and fats, especially those of vegetable 
origin, de^clfp acidity on hoping, unless protected from 
light, air and moisture ; this is, no doubt, to be ascribed 
to the action of hydrolysing eneymes which become 
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active under ctr^ijin conditions. The vegeiaoie ous and 
fats are usually stored as reserve food material in seeds 
and fruits, and are accompanied byJbnjytncs, the fynction 
of which is to convert them into soluble material which 
can be assimilated by the growing plant. This view is 
confirmed by the experience that if oil seeds or fruits 
are iied and pressed Soon after they have been gathered, 
as, for example, in the case of the pre-war Cochin coco¬ 
nut oil, the resulting oil is of a much better quality than 
if they have to be kept for jomh time, Often under 
adverse conditions? before the oil can be extracted; 
from this point of view, there is a great deal to be said 
in favour of pressing or extracting edible oils and fats 
from fhe seeds or fruits as near as possible to the locality 
where they arc grown. 

Rancidity is a term applied to various defects of taste 
which develop in tiils and fat^. ‘It is not necessarily 
connected with ^ high content of free fatty acids, and 
cannot be satisfactorily detected or measured by chemical 
means, although several methodsTiavc been devised with 
this object in view. The development of rancidity is 
promote^^by the action of air,*lighl, and moisture, and 
probably also by enzymes derived from the original 
material or from microSorganisms, such as moulds. As 
is well known, the enzymes may remain active dfter 
separation from the organisms which produced them. 
The development of rancidity appears to be connected 
with processes of oxidation ; it has been ascribed to the 
formation of aldehydes, ketones, acids, and various other 
substances; it is conceivable that such bodies as oenan- 
thylic and pelargonic aldehydes and acids might arise 
from the oxidation of the unsaturated acids *y cleavage 
at the point represented by the double bond. The pro- 
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cess M a*wM)le, however, does not len^ itself to Itmple 
explanation. It may also* be mentioijed that oils and 
fats take up tHL* odcjirj and tastes of materials with 
which they arc in contact, a property tvhich has been 
made use of in perfumery, and which alsd-forms the 
basis ot the flavouring of butter and marganne fats. 
Tjiints in oils and fats, as well as in milk and butter, 
may also arise in this manner. Taints due to incomplete 
refining may sometimes also be described as rancidity. 
The whole question ds <jf far greater importance with 
respect t« tdible fats, than fats required for other pur¬ 
poses. ' 

Classification oj the Fatty Oils and Fats .—Complex 
naturally occurring substances such as the fatty oils and 
fats casanot, of course, be submitted to any hard and 
fast rigid system of classification. The system adopted 
by Lewkowitsch, given below, is based partly on the 
origin of the product ‘and partly on the drying power, 
i.e., the powdr of absorbing oxygen with the formation 
of more or less viscous-products. This important pro¬ 
perty depends on the proportion of unsaturated acid 
radicles present, and their degree of unsaturation ; the 
combined effect of these chemical characteristics is 
accurately measured by iodiUe absorbing power, or, as 
it is generally called, the " iodine value ” of the oil or 
fat. As pointed out by Lewkowitsch, the iodine value 
is the most convenient constant on which to base a 
system of classification, as on'it depend to a large extent 
important physical properties, notably the consistence, 
mdting and solidifying points. 

The following scheme of classification should be com¬ 
pared with, the table of constants and characteristics 
given on pp. 148 and 149 
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. I.— Liquid Fats. 

(A) Vegetable oils. ^ 

(a) Drying, e.g., linseed anS li*mpseed oils, 

(b) ^mi-drying, e.g., soya* bean, cotton seed, 

, ' rape seed, and sAamc oils. 

, (c) Non-dr}nng, e.g., arachis, olive and castor oils, 
( 3 ) Animal oils. ' * 

(r) jdarinc animal oils. 

(a) Fish oils, e.g., menhaden oil. 

(b) Liver oils, e.g., wd liver oil. •, 

(c) Blutber oils, e.g., seal and whale oils. 

(2) Terrestrial animal oils, e.g., sheep’s foot and ‘ 
neat’s foot oils. 

2 .—Solid Fats. 

(A) Vegetable fats, e.g., palnj oil, cacao butter, palm 

kernel and cocoiftit oils. ‘ 

(B) Animal fats. 

(a) Drying fats. 

(b) Semi-drying fats. 

Non-drying fats, f.g., beef tallow, mutton 
tallow, butter fat. 

The various groups in this system of classificatior^are, 
of course, by no means sharply defined, for all gradations 
in drying power and consistence arc met with,amongst 
the oils and fats. 

The Estimation of Fatty Matter im Seeds, 

OlLCAK^, ETC. 

Vegetable oils and fats are obtained from^eds, fruits, 
etc., by submitting tlje disintegrateif material to high 
A. I. A. s 
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pressure, either hot or cold, the finer,,^^lible fats usually 

being expressed at the ordinary temperature (cold drawn). 
In recent years prqpe^® involving the extraction of fetty 
material by means (»f organic solvents^have been intro¬ 
duced. Petroleum ether‘carbon disulphide Md chlori¬ 
nated compounds of the carbon tetrachloride and tri- 
dhloro-ethylene type have been ^sed for this purpose. 
The exhausted material, known as oilcake, which usually 
contains from 6 td i6 per cent, of fat and varying pro¬ 
portions ohnitrogenoustmatter, is largely used as fodder 
for cattle. *. 

The method to be describedls generally applicable for 
the determination of fattj matter in oleaginous seeds or 
fruits such as rape seed, linseed, soya beans, copra (»,«., 
dried Cocoanut endosperm), oilcake, etc. 

If the material contains much water, it must first be 
dried at a gentle heat*; seeds, etc., afe first disintegrated 
by passing through a mincing machine, but if the 
material contains so much oil that loss takes place in 
this process, it is better first to break it up roughly 
by shredding with a sharp knife, with such precautions 
that any exuded oil ma^ be washed into the_ extractor 
with the solvent. In dealing with copra, Bolton advises 
that the material should be cut radially so as to get a 
truly representative sample. It is generally agreed that 
petroleum ether is the best solvent to use, as ether will 
extract small amounts of non-fatty matter"; for most 
purposes, petroleunf ether bdiling below 6o° is suitable. 
The ordinary Soxhlet apparatus may be used, but the 
Bolton a\id*Revis extractor described on p. 87 is recom¬ 
mended. * TJie designers give the following directions for 
its use in addition to those already given: After a 
preliminary’ extraction lasting half to two hours, the 
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extr2mor is remorfu ana the solvent allowed {0 evaporate 
in a moderately warm place ;* when dagger of spurting 
is passed, the contents are distribflted over the w^lls of 
the tube by,gen\le tapping, and the tube is placed in 
the water, dVen for about half an hour. The contents 
are tjfen transferred to a mortar with about 2 grams of 
clean dry sand whicfi* passes 60 mesh, and ground as 
finely as possible; the object is to break up the cell 

walls and liberate all the fat. The contents of the 

* 

mortar are quantitatively returned to the extractor, the 
mortar being washed out with the solvent. The ex¬ 
traction is then continue 3 for an hour to an hour and a 
half, after which the flask is removcd'and the solvent 
carefully distilled off on the water bath or a suitable 
electric heater, taking care in the latter case to'avoid 
overheating towards the end. Care must he taken to 
avoid loss of fat by*spurting on»to the cork or the tube, 
for which reason it is well to use a flask with a somewhat 
long neck and to place it in an inclined position. The 
fat should be dried at a temperature not exceeding 105° 
till constant in weight. Unduly prolonged heating, or 
heating at too high a temperature, is liable to cause 
oxidation of oils and fats, ^specially of those with high 
iodine values and pronounced drying powers. 

In dealing with substances such as flour and cocoa, it 
is usual to extract from 3 to 3 grams of the drie^ sample. 
One extraction will suffice unless the material cikes 
together, in which case it should be renibved with the 
precautions described above, broken up, and further 
extracted. The fat in the flask is freed from tl^e solvent 
by distillation a*nd heating'to 105° in an, oven, and 
weighed. 

The cnide fetty matter obtained from a larger scale 
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single extraction may be analysed for«its'content of free 
fatty acids, ctc^, as described below. • 

The liXAMiN-wioN of jhf. Fatty Oils'^nd Fats. 

• 

Preparation of the Sample .—Before the sample ^ sub¬ 
mitted to a chemical and physicat'investigation, it must 
be freed from foreign matter such as water, dissolved 
soaps, vegetable dr animal tissues, etc.' In most cases 
it will be juflicient to melt the samj)le, and, if water is 
seen to be present, allow it to stand in a warm place till 
separation has taken place, wfien the clear fat is passed 
through a dry filter. Dissolved mineral matter such as 
soap is detected by burning off a portion of the sample 
and examining the residue, if any, for metals; it may be 
removed by extracting the melted fat with dilute nitric 
acid and, after washing with warm water, proceeding as 
directed aboj^e. Foreign matter such as paraffin, rosin 
oil, etc., is not removed at this stage, and is only detected 
on closer examination. 

Tfie sample should always be thoroughly liquefied, at a 
gentle heat if necessary, and well mixed when portions 
of it are to be abstracted (of analj'sis or physical deter¬ 
minations ; it will be found thit oils often deposit small 
quantities of solid matter at the ordinary temperature, 
which sink to the bottom of the vessel, while solid fats, 
whfin cooled slowly, first deposit their higher melting 
glycerides, so that the composition of the solidified mas? 
may not be entirely uniform. 

Estimation of Water in Fats .—^This determination is of 
especial importance in the 'Case of butter and margarine, 
in which the wjter and fats are mixed as emulsions 
(see p. 298). 
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According to ttit Sale of Butter Regulations of 1902; 
the percentage of water in butter is^iraited to 16 per cent. 
Similarly, margajine containing bior^ than 16 per cent, 
of water would be held to be not gAiuine margarine but 
margarine? and water. 

Fos the determination of water in “ acid oils,” 
mixtures of neutral oils and fatty acids obtained as a 
bye-product from refining processes, Bolton and Kevis ^ 
recommend a special process. 

THK PHYSIC.tL AND CHEMICAL CONSTANTS OF THE 

Fatty Oils and Fats, 

• 

On pages 148-149 the physical and chemical constants 
of some of the commoner oils and fats are set out. As 
might be expected of natural products, variations occur 
between the copjtants of different samples of the same 
kind of material. Extreme variations are,"however, ex¬ 
ceptional, and for purposes of calculating the approxi¬ 
mate compositions of mixtures, typical ob average values 
are usually employed, the probability being that the 
results thus obtained will be near the truth. 

f 

Physical Methods for Examining Fatty Oibs 
AND Fats. 

These include determinations of specific gravity, incit¬ 
ing point of the fat and of*the fatty acid* derived from 
It (titer test), and the refractive index. The last men¬ 
tioned furnishes very valuable results. The tijer test is 
generally of moA value tha* the determination of the 
melting point of the fat itself. The specific gravity may 

^Analyst 1918, 159. 
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furnish useful indications or corroborative evidence in 
some cases. 

Specific Gravity determination may be carried 
out by means of the Sprengcl pyknometer os the ordinary 
specific gravity bottle; in most cases, however, suf- 
Qciently accurate results may be 9btained by use of the 
Westphal balance which is described on p. 50. In case 
of oils which are completely liquid at the ordinary tem¬ 
perature, the specific gravity is taken at I 5 ' 5 °. and in 
case of jiolld fats, at tile temperatqre of boiling water. 
If it is only necessary to heat yie fat i few degrees above 
15-5° for complete liquefaction, the determination may 
be made at this'temperature, and the result redqced to 
I5'5°.. Allen gives the mean temperature correction for 
most common fatty oils and fats, with the exception of 
whale oil, as 0-00064 per degree Centigrade. The specific 
gravities of the commoit oils and fats jre set out in the 
table on pp.*i48 and 149. 

Melting Point .—^Thc methods commonly used for rela¬ 
tively pure organic substances cannot be applied to fats. 
Numerous methods hav? been designed for determining 
the melting points of fats, and as varying results are 
obtained according to the method used, it is not advis¬ 
able to place too much reliance on indications afforded 
by comparison of results obtained with figures given in 
the literature. By the following method, which is used 
in several works’ lE^boratoriep, a number of samples may 
be dealt with simultaneously. . 

Glass .capillary tubes are made by drawing out thin- 
walled tube, the capillary part being as^nearly as possible 
of I mm. here and about 5 cm. long. The melted sample 
is introduced into the capillary end to a height of i cm. 
The fat in the tube is suddenly cobled by placing between 
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two flat pieces rftce or in-a freezing mixture made by 
mixing five parts of commercial l^drockloric acid with 
eight parts of jiowdered crystaJIised sodium sulphate 
immediately 4 )efore use. The fat id the tubes should be 
kept for at least two hours on ice, or overnight in a cold 
placer if the freezing pjixture has been used. Unless thp 
fat is thoroughly set, Ae melting point observed will be 
too low. The tube b placed in a wat^r bath so that the 
top of the fat column comes i cm. below the surface; 
while the water is Ijept well stirred, the temj^rjture, as 
indicated by a dfflicate Jhermometer, is raised at the 
rate of about i° per minute ; the temperature at which 
the fat becomes sufficiently soft to be forced up the tube 
by hydrostatic pressure is taken as the melting point. 
If only one or two melting points are to be determined, 
the tubes may be a|tached to the thermometer bulb by 
a rubber band. ,If a number df tests are to be carried 
out simultaneously, the tubes may be held in position 
in shallow grooves in a long strip of wood by means of 
a wide rubber band which is wired down at several 
points throughout the length pf the strip. The tem¬ 
perature df the water bath must be raised gradually and 
evenly, the heat being jupplied not by a direct flame, 
but by immersing in a second water bath kept ^t a 
slightly higher temperature. The stirring should be 
carried out so as to cause a constant current of*vater po 
circulate past the melting ppint tubq? and thermometer. 
• Some fats, especially coconut and palm-kernel fats, 
show perfectly sharp melting points by thf above 
methods, duplica|e tests agrreing within o-2°, <>r at the 
most 0'3°. In the case of some animal fats or mixtures 
of these with oil, especially where the prdportion of 
stearin to oil is small, the melting points observed are 
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less sharp, the movement of the fatVp the tube being 
sluggish. 

The Titer J est^ -Uy the titer test is understood the 
determination of the soljdifying point of*the insoluble 
fatty acids, together with the small amount oT naturally 
•ccurring unsaponifiablc matter as obtained by the 
process now to be described. The procedure set out is 
that recommended by Lcwkowitsch. 

Saponify loo grams ^of the oil or fat by boiling with 
40 c.c.'oT aqueous jiotassium hydroxide solution of 
specific gravity 1-4, and 410 s.c. of alcohol, in a porce¬ 
lain dish on a v^atcr bath, stirring continually until the 
soap becomes pasty. Dissolve the residual soap in 
1,000. c.c. of water and boil until all the alcohol has 
been removed, replacing the water which has evaporated, 
from time to time.* Decompose ttc soap solution by 
acidification with dilute sulphuric acid and when, by 
continued boiling, the fatty acids have been obtained 
as a clear layer floating on the aqueous liquid, draw off 
the.latter by means of a syphon, and wash the fatty 
acids several times with hot distilled water until all 
acid, as tested for by methyl orange, has been removed. 
Place the dish with the fatty .acids on the water bath 
until the latter are melted, and the water and impurities 
have settled out; after passing through a fluted, soft, 
thifk filter paper in a heated funnel, they will be suf¬ 
ficiently dry (or futther examination. The actual deter¬ 
mination may be carried out by the following method, 
dufe to Dalican and recommended by Lewkowitsch ;— 

The nlixture of fatty acids, after standing overnight in 
a desiccatdr, is carefully melted in an air bath, and as 
much of i1 is pbured into a test tube 16 cm. long and 
3'5 cm. wide as will fill the tu6e somewhat more than 
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half fall. ThS tube is fitted by means of a cork iflto 
a wide mouth l)Ottle, to cm. wide Jhid 13 cm. high; 
an accuratdy standardised tltermdmeter, graduated in 
tenths of a degree, from o°^to 6(f’ C., having a mercury 
bulb, 3 tm. long and 6 mm. in diameter, is placed so that 
th? bulb is in the ojntre of the mass of the fatty agds. 
When a few crystals appear at the bottom of the tube, 
the mass is stirred by giving the thermometer a rotatory 
movement, first three times from right to left and then 
three times from the left to*right. The*tnass is then 
stirred continually witjj a quick circular movement of 
the thermometer without allowing it to touch the sides 
of the vessel, and taking care that all the solidified por¬ 
tions, as long as they form, are well stirred jnto the 
mass until it has become cloudy throughout. At this 
point the thermometer is carefeilly observed; at first 
the mercury will fall or remSin stationary, after which 
it will suddenly rise some tenths of a’degree, remain 
stationary for a short time and then fall again. The 
maximum temperature attained during this ris^ is the 
titer or solidifying point of the mixed fatty acids. 

The'above method gives very concordant results if 
attention be paid tq detail, especially in the actual 
determination of the solidifying point. 

The titer test is largely used for the commercial valua¬ 
tion of fats used in soap and candle makiag, notably 
tallow and palm oil. U is customary^to stipulate that 
the solidifying point shall not lie below a certain value, 
say, 43-5° C. in the case of beef tallow, and to reject the 
material or mjike a deduction in the price paid for it if 
it fails to comply with this standard. 

Reference to the table on p. 14& will Ihow that the 
mixed fatty acids derived fi’om various oils and fats may. 
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in’some cases, readily be distinguished frSm one another 
by means of the*titer.test; thus, compare the figures 
given fer cotton se#d oil and rape seedtoil. This cir¬ 
cumstance may be mSde use of in the exawnation of 
fatty oils and fats in mixtures with mineral oils,‘it being 
pojsible to separate the fatty acids from such mixtures, 
but not the fatty oils or fats themselves. This problem 
will be further discussed under the examination of 
lubricating oils. (Chapter V.) 

Refractive'tndex. —The‘instruments generally used for 
the examination of oils and fat% are thb Abb6 refi'acto- 
meter, which has a range of from 1-3 to 17, and the 
Butyrometer or butter refractometer, which has a range 
of from.1-42 to r-4g. The latter instrument is specially 
designed for examining oils and fats, and has a scale in 
arbitrary divisions the,readings of w()ich arc generally 
quoted in the text-books ^nd literature relating to the 
present subject. The relations between the Zeiss scale 
divisions and refractive indices are given in the following 
table:— 


Scale I 
degrees. | 


Kelraction 

Indices. 


liefrdction 

Indices. 



Both instnftnentshave the following points in common. 
They consist essentially of a tele&ope and two dense 
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glass prisms," Iwtween which a continuous film of the 
(dear) liquid uhder examihatiqp is introduced. The 
field will be fjund to be dividid into light and dark 
portions (qjving to total reflection phenomena), and the 
dividing h'ne is made as shsfrp as possible by focussing 
the.telescope. Both prisms are provided with jackets 
through which watef at a definite constant temperature 
is circulated (see Fig. 13). It is desirable that all 
observers should take observations at the same tem¬ 



perature, 40°. An accurate thermometa is placed 
so as to indic&te the tenfperatmre of th; water as it 
leaves the prisms, and this should (}ave Iteen constant 
for a few minutes before taking the readings. If the 
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temperature is not exactly ^o°, a correiJtteri of 0-55 scale 
degree per degree C. njay be applied. *The writer finds 
that a good deal of»timd may be saved ^)y. making use 
of a chart described lay Richmond [Dairy Chemistry, 
P- 350); he prefers to set it out to about four times the 
sc^e recommended by Richmond jnd to include enly 
temperatures from, say, 38° to 42°, the central line 
representing 40°. The instruments should be handled 
by grasping the base and not the telescope. The prisms 



Fig. 13.—ButyroRefraclometcr. 


should always be left clean *by wiping them carefully 
with soft, eftan linen or muslin, using a little alcohol 
and ether if necessary, and the grfeatest care should be 


The Fatty Oils and Fats 125 

taken to protfeot them from abrasion. The same applies 
to the metal parts surroundifig t^e prispis. From time 
to time, the^ ajljustment of the*iMtrument should be 
tested by jpeans of the standard liquid or test piece 
suppliedJjy the makers. 

Iq the butter refractometer the position of the shadow 
line is observed on tire scale inside the telescope ; tenths 
of a scale division, corresponding to the fourth decimal 
place of the refractive index, arc estimated by means of 
a micrometer screw. In the Abbe instrumeW jross lines 
in the telescope «re made to coincide with the shadow 
line by rotating the arm connected with the prisms, and 
the reading is obtained from the circular scale, the 
fourth place of decimals being read by estimation. Both 
instruments can be used with daylight, the Abbe instru¬ 
ment being provided with a comj)ensating arrangement 
to produce an ^cfiromatic fieW. In the butter refrac- 
tometer the shadow line is sometimes nofcso sharp, but 
this defect may be overcome by using sodium light. 

By the use of the refractometer a nflmber of samples 
may be dealt with in a short frme ; the values obtained, 
some o^ which are given in the table on p. 148, are 
extremely useful for checjdng the purity of materials 
and for estimating adulterations. There is a certain 
parallelism between the refractive index and the degree 
of unsaturation, or the iodine value of the ojl. 

The Abb6 refractometer is the more expensive iilstru- 
ment, but it can be applied to other 'work than the 
examination of oils and fats, e.g., essential oils, strength 
of sugar, and other solutions, etc.* 

* Four papers have recently appeared on tliis subject, by 
J. C. PhilUp, F. Stanley. F. Twyman and F. Sim?on. and Hugh 
Main, Annie Homer and A. E. Berry, J.S.C.I., 1919. 38. 139 T. 
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'Chemical Methods fo^ ExAMiNi 4 i*FATTy Oils 
jiND Fats. 

Under this heading will be described the determination 
of {«) the iodine value, (6) tHe saponification vaJw;, and (c) 
the Reichert-Meissl, Polenske-Kirschner values. T^iese 
may be considered as being, withih certain limits, con¬ 
stants for the individual fatty oils and fats, and may 
often be employed as a basis for their identification and 
approximate estimation "in mixtures. In addition will 
be descrited the determination of (d) t'he acid value, and 
(e) the unsaponifiable matter. I'he former of these may 
vary with the age and previous history of the sample, 
and cannot be looked on as a constant to be used for 
the purposes of identification. The amount of unsaponi- ■ 
fiable matter is normally small in most of the common 
fatty oils and fats, an<f its quantitative determination is 
generally of na great importance, except in cases where 
the presence of added foreign material is suspected. 
The qualitative' examination of this constituent, 
also to be described below, is, however, of some 
importance in the differentiation of animal and 
vegetable fats, and especially in the detection of 
the l|tter in the former. (See *" Phytosteryl Acetate 
Test.") 

Iodine J'atec.—^The iodine value expresses the number 
of paSrts by weight of iodine which can be absorbed by 
TOO parts of thS fat. * In Hiibl’s original process the fat, 
was treated with iodine in an alcoholic solution contain¬ 
ing mercufic chloride. In Wijs’ process, which is de¬ 
scribed below, a solution of iodine monocfiloride in glacial 
acetic acid is»used,^he time required for absorption being 
considerably shorter than in Hfibl's process. As the 
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Wijs’ process: i; j>ractically exclusively used nowadays, 
the alternative processes need not be dfscribed.' 

In the determination a weighid quantity of the fat, 
dissolved iij carbon tetrachloride, *s treated at the ordi¬ 
nary temperature with a definite volume of the iodine 
moi|pchloride solution, and an equal volume of the latter 
is set aside at the sdlne time, under similar conditions, 
as a blank test. After the requisite time has elapsed 
the iodine monochloride is estimated in each case by 
titration with sodium thiosulphate solution.*. The differ¬ 
ence in the numter of c.c. required in the blank test and 
in the actual determinafion is calculated to express the 
percentage proportion of iodine absorbed by the fat. 

The following solutions will be required :— 

Iodine Monochloride Solution .—Pure glacial acetic acid 
is prepared by the writer as follows:—The glacial acid 
obtained from th(? dealers is treated with small quan¬ 
tities of powdered potassium permanganate until a per¬ 
manent brown colour remains after standing for a few 
hours. It is then distilled from a flask*with a side tube 
immersed in a heated oil bath. The distillate between 
riy” an(i»X23° is collected separately and used; 99-9 per 
cent, acid, free from eippyreumatic compounds, is 
obtained in this way. *10 grams of iodine trichlpride 
(a lo-gram tube if obtainable) are dissolved in 200 to 
300 c.c. of the acetic acid in a flask provide^ with a 
cork carrying a long glass tube, to exclude moisture, 
^eating on a water bath. 12 grams of ibdine are like¬ 
wise dissolved in about 600 c.c. of acetic acid. The 
iodine solution is added to the iodine trichloride solution, 
and the progresfive change nn colour noted; the final 
change ^ould be firom an orange to a hrown<shade, and, 

»See Fahrioa, 1915, 34, iSj. 
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if jiecessary, a little more iodine solutiog ^ould be added 
to ensure that thjre is a slight amount of iodine in excess 
of that Required to (jont’eyt all the trichloride into mono¬ 
chloride. The solutitvi is then made up to a litre with 
acetic acid, heated for twenty minutes on‘t{ie water 
bath, and preserved in a well-stoppered bottle avoiding 
access of moisture at all times. •* 

Sodium Thiosulphate Solution .—24 grams of the cry¬ 
stallised salt are dissolved in water and made up to 1,000 
c.c. This splution may be conveniently standardised by 
the following method, due to Volhardf j 3-8631 grams of 
pure potassium dichromatc, frtfe from the sodium salt, 
are dissolved in water and made up to 1,000 c,c. Thfe 
solution should be standardised from time to time by 
titration against standard ferrous ammonium sulphate 
solution, 10 c.c. of a 10 per cent, solution of potassium 
iodide solution and 5 c.c.«of hydrochlhric acid are placed 
in a stoppered bottle and exactly 20 c.c. of the dichro- 
niate solution are run in. The resulting mixture now 
contains exactly o-2 gram of free iodine, which may be 
titrated with the sodium thiosulphate solution, using 
starch as an indicator towards the end of the-process. 
The iodine equivalent of the^ thiosulphate solution may 
then be calculated. *' 

Starch Solution .—About l part of starch is stirred up 
in 100 parts of water, and the mixture heated to boiling. 

Phtassium Iodide Solution .—A 10 per cent, solution of 
the pure salt ill water. ' ^ 

To determine the iodine value, the fat is weighed out 
in a smajl specimen tube which is then dropped into a 
narrow mouthed bottle ofhbout 500 d.c. capacity, and 
furnished vdth a, well-fitting stopper. The amount of 
fat to be taken varies with its power of absorbing iodine ; 
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in the case ofa* (tying oil. about O’is gram should be 
taken, but with a solid fat, Baviijg a l*w iodine value, 
such as coconut oil, the amount’may be increased to 
about 1-5 giym. In any case, thc*amount of fat taken 
should ba sb regulated that the excess of iodine mono- 
chlorjde present after absorption is complete is moife 
than half of the amoifnt originally present. The fat is 
dissolved in lo c.c. of carbon t'trachloride, and 25 c.c. 
of the iodine monochloride solutioji arc run in from a 
pipette ; in measuring out the sdlution for thhbjank test 
and for any otheft^eterminations which are to be made 
simultaneously, the same pipette should be used and 
allowed to empty itself in the same manher and drain for 
the same length of time in each case. The resulting 
mixture should be a clear solution; if turbid, more 

carbon tetrachloride should be added till the fat is com- 

^ • 

pletely dissolve^. The bottle* is now stoppered and 
allowed to stand in a dark place for the requisite time; 
loss of iodine by volatilisation may be guarded against 
by moistening the stopper with potasshim iodide solu¬ 
tion. The time required for complete absorption varies 
from halian hour in the case of solid fats to two hours 
in the case of drying oils. , 

The estimation of the e*xccss of iodine chloride is carried 
out as follows: 20 c.c. of potassium iodide solution and 
about 300 c.c. of water are added; the mixturg is then 
titrated with the standard sodium thiosulphate solution, 
shaking occasionally, in order that the ibdine may be 
extracted from the lower layer of carbon tetrachloride; 
a little starch solution may be added toward% the end 
of the titration,* but not before the colour has been 
reduced to a very faint yellow. The «difiertnce in the 
number of c.c. of thiosulphate solution required in the 

,a.i.a. 9 
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Wank test and in the actual determinatioft is then calcu¬ 
lated to express the, pertentage prdjrortion of iodine 
absorbed by the fat. * (The molecule of iqdine chloride, 
ICl, is chemically equivalent to the molecjde of iodine 
I,, in the interactions involved in the procesk.) 

, The determination of the iodine value is of great 
importance as a method of characterising the fatty oils 
and fats. Owing to the comparatively low melting 
points of the glycerides of the unsaturated acids, there 
is a general tendency fbr oils and fats with high iodine 
values to possess lower melting points and softer con¬ 
sistencies than those with lower iodine values. This rule 
is, of course, sohietimes modified by the nature of the 
saturated acid radicles, an extreme case in point being 
that of coconut oil, which contains an unusually large 
proportion of saturated acid radicles of comparatively 
low molecular weight, ami therefore possesses a rather low 
melting point in spite of its exceptionally low iodine value. 

As was pointed out above, the dr5dng power of oils 
and fats is, gefierally speaking, directly proportionate 
to fhe iodine value. This property of absorbing oxygen 
on exposure to air at the ordinary temperature or on 
“ blowing ” with air at elevated temperatures, with the 
forpiation of more or less viscous products, finds exten¬ 
sive technical application. Thus linseed oil (note the 
high iodine value), especially after it has been treated 
with lead and manganese oxides at about 150°, readily 
dries to a tou'feh skin when exposed to air in thin layers, 
and is on this account extensively used in the manu¬ 
facture of paint and linoleum. Other oils, such as cotton 
seed and rape seed oils, are'often blown with air at about 
150® in Older to increase their viscosity for use as 
lubricants when mixed with mineral oils. 
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The diminu’tteif of the iodine values of cotton seed flr 
rape seed oils on freatment with yurrcfit of air at about 
120°, may easily be demonstratbd bf a small laboratory 
experiment* * , 

Examples of the application of the results of iodine 
valut determination^ in the identification of the oils asd 
fats, and the qualitafive and approximate quantitative 
analysis of mixtures, will be found below. (See p. 150 
ct seq.) 

f^apoiiificatioii I'alue .—The saponificatioir value ex¬ 
presses the numb?r of myiigrams of potassium hydroxide 
required for the complete saponification of i gram of 
the fjt. It is thus, in the case of pure fats, inversely 
proportional to tlie mean molecular weight of the acid 
radicles present, more alkali being required to saponify 
a given weight of^at consisting #f acid radicles of low 
molecular weight comiuned \^th the glycerol residue 
than an equal weight of fat containing afld radicles of 
higher molecular weight. On this account, the saponi¬ 
fication value affords a means of identifying or detecting 
certain fatty oils and fats, ajid, at the same time, of 
detectini admixed unsaponifiable matter, such as paraffin, 
the presence of which ,wili obviously tend to give an 
abnormally low value. 

From the following description of the process for 
determining the saponification value it will be icenjtbat 
some of the potash used iq the determination will go to 
•neutralise any free fatty acids which the fat may contain. 
If the amount of free fatty acids should be considerable 
(see below, und^r " Acid Vajue ”), then the »ponifica- 
tion value found should be* corrected to give the true 
“ Ester Value ” of the fat, by subtrafting tBe weight of 
free fatty acids from that of the fat taken and the weight 
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(rf potash required for the neutralisation of the acids 
from the weight«of th? potksh used up‘in the determina¬ 
tion. Similarly, ift tlie case of notat^le .quantities of 
added unsaponifiabl(? matter being present, the weight 
of the latter, if estimated, may be subtract^' from the 
«ipight of the sample used in the dptermination in prder 
to arrive at the saponification value of the fat present 
in the mixture. The actual details of these calculations 
will be obvious from, what is said below on the calcula¬ 
tion of the«aponificatioh and acid values. 

For the determination of the saponification value the 
following solutions will be required :— 

Alcoholic Caustic Potash Solution. —35 to 40 grams of 
potassium hydroxide, purified by alcohol, are dissolved 
in about 40 c.c. of water, and made up to 1,000 c.c. with 
96 per cent, alcohol ;,the latter should be tested before 
use by boiling a few c.b. with an eqval bulk of con¬ 
centrated caustic alkali solution, whereupon only a very 
faint yellow coloration should be produced. The admix¬ 
ture^ of the aqueous potash and the alcohol may be 
facilitated by shaking qnd warming. After standing 
for a day, the clear liquor is decanted or filtered from 
any sediment which may hajve ^en deposited, and pre¬ 
served in a bottle furnished with a well-fitting rubber 
stopper, so that it will be kept out of contact with 
atpiosplteric carbon dioxide. The solution should only 
become light yellow, on prolopged standing if the alcohol 
used in its preparation was sufficiently pure ; otherwise 
it may turn dark brown. 

Standard Hydrochloric Acid of half Normal Strength .— 
In the determination I'S to 2 grams of the fat are weighed 
into a 200 ’c.c. resistance glass conical flask, and 25 c.c. 
of the alcoholic potash solution afe added from a pipette. 
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At the same tirfl^ a blank test is started, 25 c.c. of tHe 
same solution being measured ini^ a similar flask, from 
the same pipette, in exactly the'sami way; this portion 
is to be treated in exactly the sanfc way as the portions 
containii% fat, in order that errors owing to absorption 
of carbon dioxide, aa^ other causes, may be eliminatai. 
The flasks are fitted with simple tube condensers, about 
12 inches long, by means of rubber stoppers, and the 
contents are kept gently boiling on a water bath, and 
carefully agitated from time to time in order to hasten 
the saponificatioh. Thi,s part of the process will be 
complete when a clear, homogeneous liquid, free from 
partisles of fat, has been obtained, the time usually 
taken being from twenty minutes to half an hour ; if, 
however, the presence of appreciable amounts of un- 
saponifiable matty is suspected* the boiling may be 
prolonged somawhat, the mixture being frequently 
agitated in order to prevent the occlusion of unsaponified 
fat. The amount of potash left over from each of the 
saponifications, as well as that in the blank test, i%now 
estimated by titrating the hot solutions with semi-normal 
hydrochloric acid, adding i c.c. of a r per cent, alcoholic 
solution of phenol phth#leiti in each case ; if the saponi¬ 
fication products should have set to a jelly, owing to 
loss of alcohol, a sufficient quantity of warm alcohol 
previously neutralised towards phenol phthalein, to.give 
a clear solution, should be.added. 

From the difference in the titers in the blank test and 
in the actual test the number of milligrams of potash 
required to sajjonify i grajn of the sample may be 
arrived at by a simple calcination. 

Examples of the application of the’resulfs of saponi¬ 
fication value determinations in the identification of oils 
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afid fats, and the analysis of roixtui^^, will be given 
below. (See p. fso et^eq.) 

Besides furnishing a useful constant for the identifica¬ 
tion or detection of certain oils and fats, th« saponifica¬ 
tion value determination often admits of the detection 
otunsaponifiable matter, which, if iiffesent in appreciable 
quantity, will be seen as an immiscible liquid or insoluble 
solid on diluting the neutralised saponification product 
with distilled water ; -an^ soap which may separate out 
at tliis stage will redissolve on warming. If, however, 
it is desin^d to examine the uiisaponifiable matter, the 
saponification must be repeated on a larger scale. (See 
below, under “ Unsa]ionifiable Matter.”) • 

The Rcicheri-Mcisil, Polenske, and Kirschner Values .— 
These methods include the estimation and examination 
of the volatile acids obtained from pertain fats under 
standard conditions. Practically all the common oils 
and fats, with the exception of butter fat, coconut oil, 
and palm kernel pil, yield only small amounts of volatile 
acid% in these processes, which are thus particularly 
adapted for the examination of these three fats, and 
their detection and estimation in mixtures,^ Other 
methods of dealing with this problem have been devised, 
but those described arc the best established, both as 
regards working details and published results. The 
foUo^ving directions must be carefully followed:— 

Five grams qf the.fat are weighed into a 300 c.c. flask 
(see Fig. 14) together with 20 grams of glycerine. To* 
the mixture are added 2 c.c. of caustic soda solution, 
which harfbeen made by diswlving pure, soda in an equal 
weight of w 4 ter, and allowing to settle, due precautions 

** f 

‘Bolton, Richmond and Revia, Analysl, igii, 36, 333, and 
I 9 t». 37 . ‘83- 



r 

• Fig. 14.—Polenske Apparatus. 

flask is heated over a naked flame, shaking constantly 
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until the fat has been saponified, t.<.f when the liquid 
is clear and homogeneous ; Arverheating must be avoided. 
After qpoling for aVoA two minutes, 190 f .c. of boiled 
distilled water are added and the soap dissolved, o-l 
gram of powdered pumice (sifted through bufter muslin) 
is added, and then 40 c.c. of dilutq sulphuric acid con¬ 
taining 25 c.c. of concentrated acfd per litre, 35 c.c. of 
which should neutralise 2 c.c. of the strong soda solution. 
The flask is connected up without delay, as shown in 
the diagraqj, the apparatus being ^of the type and 
dimensions indicated. At first a smtdk flame is used to 
melt the acids, the flask being shaken occasionally; 
then the flame is So adjusted that no c.c. of liquid will 
be distilled over in eighteen to twenty minutes ; at the 
s^e time the flow of water must be so regulated that 
it leaves the condenser at a temperature of 18° to 20°. 
The flame is removed immediately th^ no c.c. have 
distilled over, .and the flask with the distillate is stood 
in wa er at 10°, a small cylinder being put in its place 
to carch the drops from the condenser. After fifteen 

minufes the state of the insoluble acids is noted, the dis- 

• 

tilla e is filtered, and 100 c.c. of the filtrate are'eitrated 
wit! decinormal baryta, using,0'2 c.c. of a half per cent, 
sol’ tion of phenol phthalein as indicator. The number 
of c.c. used plus 10 per cent., and less the value obtained 
in a blank test, is the Reichert-Meissl value. The blank 
test jbst alluded to is carried out with all the reagents, 
as just described, but without the fat; the glycerine and ‘ 
soda mixture should be heated exactly as in the actual 
test and nq); more. 

Eighteen cc. of water are poured through the con¬ 
denser, caugkt in the cylinder, poured into the no c.c. 
flask, shaken and then poured on to the filter and 
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rejected when filtered. Three portions of 20 c.c. Of 
alcohol, neutralised to phenol*pht^alein,*are then passed 
the same way, collected and titrated in the same way 
as the solution of the water soluMc acids, the number 
of c.c. u^fed, less the blank value, being the Polenske 
valu*. , 

The Kirschner value is determined as follows: To 
TOO c.c. of the neutralised solution of the water soluble 
acids obtained in the foregoing distillation process is 
added 0-5 gram of^nely powdered silver su^hate, and 
the mixture is l<?ft for jin hour, shaking occasionally. 
The precipitated silver soaps are then filtered off, and 
100 c,c. of the filtrate are placed in a flask similar to 
that used in the previous distillation, with 35 c.c. of 
boiled distilled water, 10 c.c. of the dilute sulphuric 
acid, and a few inches of aluminiym wire, no c.c. are 
distilled over exactly as deserfbed above, and too c.c. 
of the distillate are titrated with decinbrmal baryta 
solution. If the number of c.c. used, less the blank 
value=iV, and the number of c.c. of alkali solutionjused 

in the Reichert-Meissl titration = J 1 /, then 

• 

1*21 (100+ M) 

The Kirschner Yake-iV-’ 

100 

The application of the above processes to the exami¬ 
nation of butter and the estimation of but^pr, palm 
kernel and coconut oils ip mixtures, is dealt with on 
•pp. 160 and 166. It will be understootf that accurate 
results can only be obtained by working under .standard 
conditions. It may be explained that butter fa| is unique 
in yielding a large proportion of soluble volatile acids 
of which the major portion is butyric acid. <Jsual limits 
are 26 to 33, and an aibitrary lower limit of 24 has been 
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fixed for control purposes in England.* Butters giving 
values below tMs limjt shbuld at any rate be regarded 
with suspicion, buPit must also be remembered that the 
values may be influenced by the particularrfeeding and 
treatment of the cows. The Kirschner proces^is practi- 
cjlly an estimation of butyric acid„silver butyrate being 
more soluble, and the silver salts of the higher soluble 
acids less soluble than silver sulphate. This process will 
probably prove superior to the Reichert-Meissl process 
for the analysis and the estimation ol^butter in mixtures. 
Palm kernel and coconut oils arc distifiguished by yield¬ 
ing high Polenske values depending on the presence of 
caprylic, capric, Tauric, and myristic acids. Usualjimits 
arc 8 to I0'5 for palm kernel and 15 to 18 for coconut 
oil. The volatile insoluble acids from the former are 
solid, and from the l^ter liquid. Ojher similar though 
less common oils, such ^ Cohune and Babassu,* give 
appreciable Polenske values. Palm kernel oil usually 
gives Reichert-Meissl values from 4-5 to 6-5, and coconut 
oil from 6-5 to'8'5 ; as the corresponding Kirschner 
values are in the neighboiyhood of i and i -5 respectively, 
it will be seen that the estimation of butyric acid by the 
Kirschner process affords a slia^per distinction between 
palnj kernel and coconut oils on the one hand and butter 
fat on the other. Butter fat also gives small Polenske 
values raging from i-6 to 3-5, which should be roughly 
in proportion to tb^ ReichcrJ-Meissl values (Polenske’s 
“ new butter value ’’). Other edible oils and fats pve' 
values which usually lie between o-i and 0'3, so that the 
distinction here is quite sharp. ^ 

Acid Value .—^The acid value is the number of milli- 


» Bolton and Hewer, Analyst, 1917, 42, 35, 
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grams of potassiUfc hydroxide required to neutralise the 
free fatty acids contained in 1c gr|m of^hc oil or fat. 

For the determination a convenient quantity, say, 
20 grams of the oil or fat, are weighed off in a flask 
and treated with 50 c.c. of methylated spirit which has 
previously been neutralised with sodium hydroxide 
solution, using phenol phthalcin as indicator. The 
mixture is heated to boiling and kept well shaken while 
it is quickly titrated with dccinoripal sodium hydroxide 
solution, in prcseqpe of phenol*phthalein a» indicator. 
On standing for ;f short yhilc the pink colour indicating 
the end point of the titration will disappear, partly 
owing to absorption of carbon dioxide from the air, 
and partly owing to the saponification of the fat; the 
titration should, of course, not be continued on this 
account. If 20 gijims of fat hav,e been used, then the 
number of cubic centimetres 6f decinormal soda used, 
multiplied by 0 280, gives the acid value? It is some¬ 
times the custom to calculate the percentage of free 
fatty acids expressed as oleic acid; tliis figure m^ be 
obtained by multiplying the .acid value by 0’5. If it 
should 6e necessary to correct the saponification value 
to give the ester valuc.ot the fat, eliminating the effect 
of the free fatty acids (see p. 131), then the weight of free 
fatty acids, expressed as oleic acid, in the sample taken 
for the saponification value determination may.be calcu¬ 
lated and deducted in order to fiod the weight of fat 
* actually taken, and the weight of potash required to 
neutralise the acids present deducted from .the total 
amount of potajh required t,o saponify the sample ; the 
correction will, however, be unnecessary, unless the per¬ 
centage of fatty acids be large. In the caSe of coconut 
and palm kernel oils, the free fatty acids are sometimes 
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calculated to lauric acid, to find the plrlehtage of which 
the acid value iS multiplie'd by 0-357. This percentage 
can also be obtained by dividing the number of c.c. of 
soda by ten, if 20 grams of fat are taken.» The Kott- 
storfcr value expresses the number of cubic centimetres of 
nprmal sodium hydroxide solution required to neutralise 
the free fatty acids in 100 grams of fat. 

As mentioned above, crude vegetable oils and fats 
almost invariably contain appreciable quantities of free 
fatty acid»*; thus, a sample of cru^e coconut oil will 
probably be found to have an acid talue lying some¬ 
where between 5 and 20, while a sample of the same fat 
which has been refined for edible purposes will show an 
acid value of less than 0-3. Oils and fats which are to 
be used as lubricants must not contain large proportions 
of free fatty acids, a% these would ^t on the bearings 
to form metallic soaps Vhich would exert a clogging 
effect. The acid values of such oils and fats should in 
any case lie well under 3, while in many cases it may be 
wellJ;o insist on an acid value not exceeding i. 

As regards edible fats, jt is difficult to lay down any 
hard and fast limit for the permissible acid v^ue, but 
experience shows that good vegetable oils and fats which 
havft been refined by treatment with alkali and deodo¬ 
rised by steam nearly always have acid values under 0-3, 
sometimes considerably lower. In animal fats acid 
values up to i-o are generally, not regarded as being too 
high ; the natural free fatty acids are not removed fi:om* 
animal fats, and are much smaller in amount than in 
the vegetable products. Ip the cold ^rawn vegetable 
oils (e.g., arachis or ground nut and olive oil may be so 
treated), wHlch are usually of very good quality, a larger 
percentage of natural free fatty aci'ds is not objectionable, 
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acid values of aUany rate up to 3-0 being quite pes- 
missible. 

Separation _ and Examination %f 4 he Unsapovifiable 
Matter .—Under this heading will b^escribed the method 
for isolating and examining the unsaponifiable matter 
whicji is a normal constituent of the fatty oils and fats. 
The detection and estimation of foreign unsaponifiable 
matter, such as paraffin wa5c, will be treated of later. 

Salomon ‘ found the unsaponifiable matter in a number 
of oils and fats to vary from 0-26 per cent. in,the case of 
almond oil to i-y; per cent, in the case of .sesame <oil. 
The characteristic substances are usually two complex 
alcohols; cholesterol in the case of animal fats, and 
phytosterol in the case of vegetable fats. These alcohols, 
which are generally examined in the form of their acetates 
(Bomer's phytosteryl acetate test), do not alwa5rs consti¬ 
tute the whole of*the unsaponifiable matter. Kloster- 
mann and Opitz ® found the percentage of phytosterol to 
vary from 0'i33 in olive oil to o-54() in sesame oil (cf. the 
figures just quoted). Salomon (loc. cit.) found the melt¬ 
ing points of samples of phytosteryl acetates from va’Hous 
vegetabte fats to lie between 124° and 129°, and chole- 
steryl acetates from varioys animal fats to lie between 
ri3° and 114°. Regarcfing the unsaponifiable matter of 
hardened oils, see p. 145. As a rule the natural unsaponi- 
fiable matter is only examined qualitatively, though a 
high content of such matter serves to characterise certain 
• fats, such as mowrah fat and shea buttefi 

It may also be mentioned that the waxes, which 
consist of esters of higher insoluble alcohols, yield from 

' Chem. Zentrlbl. 1914, i, 854. abs. Analyst, 1^4. 39. 310. 

* Zcitschr. ifir Nahr. u. Geniusmittel, 4914, •aS, 138, abi. 
Analyst, 1916, 41,^317. 
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35 to 55 per cent, of “ unsaponifiablemiatter,” owing to 
the fact that these aljoholh, which take the place of the 
soluble glycerol in the oils and fats, are obtained together 
with the unsaponifiakle matter proper, which in this case 
consists mainly of higher hydrocarbons. Salomon (loc. 
cit.) found in wool fat which belongs to the waxes, 51-6 
per cent, of unsaponifiablc matter of which 57 per cent, 
was not precipitated by digitonin. (See below.) 

Phytosteryl Acetate Test .—This test depends on the 
fact that the melting f)oint of phy^isteryl acetate lies 
soihe 10° above that of cliolestcryl acetate, and that the 
melting point of the latter is raised by the presence of 
the former. It Is, therefore, possible to apply tl;e test 
to the detection ot the adulteration of animal fats such as 
butter fat or lard, with vegetable fats, as, for example, 
cotton seed oil, coconut oil, etc. ^ 

Various methods arc‘available for t^ie separation of 
the unsaponifiablc matter. The oldest method, which 
need not be employed unless for any reason it is desired 
to separate the total unsaponifiablc matter, consists in 
saponifying the fat, dissplving the soap in a sufficient 
quantity of water, extracting the solution with ether, 
washing the several ethereal extracts with water and 
evaporating the ether, or, alternatively, the dry soap) 
mixed with sand, may be extracted with petroleum 
ether. [Sec p. 144.) 

■rtie digitonin njethod, yhich was originated by 
Windaus, is the simplest and best method for the present* 
purpose,,if digitonin is available, which may not be the 
case for 40me time to come. It depends on the fact 
that cholesterol and phytosterol form insoluble com¬ 
pounds with this»product of digitalis. The presence of 
paraffin wax or mineral oils does not interfere with the 
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process; good results are obtained with " blown " or 
oxidised oils, and the acetates may b» separated in a 
state of purity more readily than^jyrthe other methods. 
Marcusson jnd Schilling * operate js described below on 
the fat iteelf, but Klostermann and Opitz * recommend 
that,the fatty acids should be used in the case of vege¬ 
table fats, the rcasoti being that while cholesterol is 
present as such in the animal fats, most of the phyto¬ 
sterol is present in the form of esters in the vegetable 
fats, and must be liberated by*saponificatitjn before it 
will combine with cligitonin. Fifty grams of the melted 
fat or of the fatty acids obtained as described on p. 120 
are shaken for fifteen minutes with 20 etc. ol a l per cent, 
solution of digitonin in (j6 per cent, alcohol and allowed 
to stand in a warm place for several hours. The precipi¬ 
tate is separated as completely as possible by filtration 
and washed with t*ther till free* from fatty matter ; it is 
then heated for thirty minutes in a test-tube with 1 '5 c.c. 
of acetic anhydride and the acetates which .separate on 
cooling are. examined as described below (p. 144). 

Bolton and Revis recommend the following mdlhod 
by which practically all the unsaponifiable matter is 
separated;—Fifty grams pf the filtered fat arc boiled 
with two successive portions of 75 c.c. of 95 per cent, 
alcohol, which are poured off after cooling, mixed, and 
evaporated in a fared flask. The amount of fat present 
is rouglily determined and saponified by two grailis of 
• caustic soda and 50 c.c. of alcohol per^ grams. The 
soap is washed out into a porcelain basin and evaporated, 
stirring occasionally. When practically all t^ie alcohol 

*Chem. Zeit 1913, 37, 1001, abs. Analyst, 1915. 38, 438. 

*Zcitschr. fiir Nahr. u. Cfcnussnuttel, 1914. %7, 713, abs. 
Analyst, 1914. 39, 310. 
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Ijas been evaporated, twice as much sj^fum bicarbonate 

as caustic soda ijsed is added together with two spoonfuls 
of fin^ sand; the jpbhure is stirred, evaporated to dry¬ 
ness, thoroughly gr(jand and dried in the water oven, 
and then extracted for three to four hours (see p. 87) 
with petroleum ether, which must be perfectly free from 
rSsidue. The unsaponifiable malter is obtained by 
evaporating the solvent. 

The small amount of unsaponifiable matter is acet y- 
lated as deKtibed under the digitonin method. Bolton 
and Revis acetylate with 2 to 3 c.c. of acetic anhydride 
in a well-stoppered one ounce bottle, tying down the 
stopper and heating in boiling water for fifteen to thirty 
minutes. They transfer the material in this and sub¬ 
sequent instances by dissolving in and rinsing the vessel 
(or filter) with small quantities of boiling absolute alcohol 
which are subsequently evaporated. 'If the cooled acety¬ 
lation mixture is not clear, paraffin wax or mineral oil 
will be present, in which case the mixture must be 
treated accordii^ to Polcnske’s method, or the results 
will'be vitiated. Lewkowitsch found it possible to detect 
paraffin wax amounting to 10 per cent, of the unsaponi¬ 
fiable matter as an oily drop floating on the acetic 
anhydride during acetylation. The acetic anhydride 
is distilled off by heating the bottle in an oil bath at 
140° to 150'’. Unless the unsaponifiable matter was 
separated by means of digitonin, the solution of the 
acetates in absolute alcohol may be coloured, in which 
case it should be heated in the bottle as before with a 
little finely powdered recently ignited animal charcoal 
till colourless. The acetates are repeatedly crystallised 
from the smallest possible quantity of 95 per cent, 
alcohol and the melting point (corrected, see p. 82) taken 
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of each CTOp. The erystals may conveniently be fUtered • 
by suction, using a very small button as filter disc in a 
‘small funnel. The crystals are wasned»with a few drops 
of cold 95 pei^cent. alcohol and dried on a porous plate 
each time. • Typical results for pure animal and vege¬ 
table (jls arc quoted qn p. 141. The melting point of^ 
phytosteryl acetate froA some vegetable oils may, how¬ 
ever, be as high as 133°. If the digitonin method is not 
used, it may be necessary to recrvstallise five or six 
times. The process need not Wb repeated’^vhen no 
appreciable rise is» obtained between two successive 
crystallisations. With the digitonin method the maxi¬ 
mum melting point is usually reached after the first or 
second crystallisation ; the following table shows results 
obtained by the writer with this method. It is generally 
agreed that if a melting point of 115° or 116° is not 
exceeded on repe^teS crystallisaiaon, vegetable fats will 
be absent. If, liowever, a progressive aad distinct 
increase is obtained above 114°, vegetable fats will be 
present. 


• 


Ooce crvsUllised. 

Twice crytUlfsed. 

AceUteb from 

Melting pointy. 

Melting point *C. 

Melting point *C. 

Margarine with 50 




per cent, of animal 
fats 

123-5-125 

127-5—128 


Margarine with 20 




per cer.t. of animal 




• fata 

Margarine of un- 

123-5 i.i 5 

127 —127-? 


known composition 
Margarine of un- 

129 —131 

131-5—132 

• ~ 

127-?—129 

known competition 

III (about)*. 

127 —129 

Hardened whale oil. 



• 

iodine value 67 . 
Cotton seed oil 

Ill —113 
121 (about) 

113 (sharp) 
127 —128 

if 7 - 5 —128-5 
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• The converse of the above process; i.e., the detection 
of animal fats tn the^^presence of vegetable fats, may be 
carried out by Windaus’ method.^ The method is a 
laborious one and requires very careful working. 

The Identification of Fatty Oils and Fats, and 
THE Analysis of FAn-Y Mixtures. 

Examples of the application of the analytical methods 
described .above, together with special tests by which 
certain oifs and fats may be recognised or estimated, 
will be given under this heading. The analysis of fatty 
mixtures may in many cases be a matter of extreme 
difficulty, requiring considerable experience in this 
branch of analytical chemistry; the examples given 
below will only include comparatively simple cases of 
the detection of adulterations which have been known to 
occur in actual practiccV; only a limitod number of the 
fatty oils and fats will be dealt with, while the analytical 
processes described in this chapter are by no means 
completely representative of the means available to the 
expert. In the table on p. 148 will be found a list of 
some of the more important fatty oils and fats) together 
with their physical and chemical constants, which may 
be determined by methods already described. 

In the first place, the determination of the acid value 
and the saponification value or the unsaponifiable matter 
will show how far the sample consists of neutral glycerides. 
The specific gravity, which will generally only be deter¬ 
mined in the case of the liquid oils, will not aflord much 
definite information ; in some cases abnormal values may 
give useful indications of adulterants to be looked for, 

‘ Cbem. ICeit., 1906, xxx, roll. ciso Lewkowitsch'a 

tieatuc. ' 
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or con&rmation p^onclusions arrived at by other mean;. 
The determination of the iodine value and refractive 
index, on the other hand, is of gi 4 at,use in the analysis 
of mixture^ owing to the considerable variations in this 
constant ivith the different oils and fats. As regards the 
saponification value, it will be noticed that the majority 
of the oils and fats £ave values lying in the neighboifr- 
hood of 190 ; rape, castor, and tod liver oils will be seen 
to be characterised by lower, and butter fat and coconut 
and palm kernel oils by highor, "values, b'or reasons 
already pointed samples having high saponification 
values should be examined by the Reichert-Wollny pro¬ 
cess for volatile acids. The limitations of the use of the 
determination of the melting points of oils and fats for 
their identification has already been pointed out. Re¬ 
garding the methods for examining the insoluble fatty 
acids, the titer te^l may oftcikbe of great value, while 
the determination of the iodine values of tjie fatty acids 
may be resorted to when the original sample contains 
large quantities of added unsaponifialrle matter from 
which it cannot be separated. • 

In addition to the chemical and physical methods, the 
taste and smell, especially^ on warming, of the sample, 
may afford useful indications. Even the non-expert 
may in some cases be guided by these methods, as, for 
example, in the detection of fish oils, esfjecially if com¬ 
parison be- made with genuine samples. Matters Anay 
.sometimes be simplified for the analyst bj»considerations 
of relative cost; thus, if a sample purporting to consist 
of a certain kind of oil or fat appears not to b^ genuine, 
it is obvious that the adulterant or substitute will only 
consist of a material which is cheaper at the ruling 
market prices. 




6S—7* 84—9« 88 87—94 177—185 188 — 28—3*3 13 

68—72 141—x7i 160 — 188—193 186 — 27*5—*8 at—25 
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' The Detection^ and Estir^aiion of /Adulterants in Olive 
Oil.-^i the possible Idulterants of olive oil, the follow¬ 
ing will be considered: cotton seed oil, sesame oil, 
arachis oil and rape seed oil. 

Ex. I. Cotton Seed Oil in Olive Oil. —On reference to 
the list of iodine values in the taBle, it will be noticed 
that olive oil possesses a lower iodine value than any of 
the adulterants named above. Although, in exceptional 
cases, perfectly gemriiif sami>les of olive oil have been 
known to give iodine values above 90, yet a sample 
showing an iodine value above the limits given in the 
table should be regarded with suspicion. 

Cotton seed oil is best detected in presence of other 
oils and fats by Gastaldi’s modification of the Halphen 
tesO I'ive c.c. of the. oil are heated for four to five 
minutes over a naked l^ime in a teit tube with five to 
six drops of^a i per cent, solution of s^rlphur in carbon 
disulphide and three to four d.'ops of pyridine, taking 
care that the temperature does not e.xceed 140°. A red 
coliur is produced in the presence of cotton seed oil or 
cotton seed stearine. Ifithe tube is heated in a boiling 
brine bath at no°, the colour does not appear so soon, 
but danger of overheating* is* avoided ; this method 
conlmends itself for routine practice. The original Hal- 
phen method, in which amyl alcohol is used instead of 
pyiidinll, is less delicate. As little as 0-25 per cent, of 
cotton seed oU maybe detcched by means of the modified 
test, by a yellowish rose colour. A faint reaction should 
therefoib not be interpreted as a vrilful adulteration in 
the absence of other evidence ; sometimes slight unin¬ 
tentional adulterations may occur through the use of 
the same presses and vessels for successive batches of 

‘ Ann. Chiffl. AppUc , 1914, 2, 203, abs. Analyst, 1915,40,13. 
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different oils i’n tfie refineries. It may be mentioned 
that cotton seed oil which htfe be|n heated above .200° 
does not respond to-the above test. 

The only*other oil which gives»a coloration in the 
IIalphen-Ga.staldi test is kapok oil, an oil which re¬ 
sembles cotton seed ®il in most respects. The two oils 
may be distinguished by means of Milliau's modification 
of Becchi's test as follows: Fifteen c.c. of the oil are 
saponified by heating in a dish on.the water bath with 
a solution of 5 graijis of caustic soda in 10 clc. of water 
and 200 c.c. of alcfthol. The soap is dissolved in 200 c.c. 
of boiling water, and the solution boiled to expel all the 
alcohgl. The fatty acids are precipitated by a slight 
excess of dilute sulphuric acid, skimmed off, and then 
shaken with two successive portions of 15 c.c. of cold 
distilled water. TJie water is drained off, and the acids 
dried rapidly at,ro5°. Five c.<f. of the acids are shaken 
with 5 c.c. of a I per cent, solution of silver nitrate in 
absolute alcohol. Cotton seed oil acids will develop a 
very slight brown colour, kapok oil acfds a dark coffee 
colour. One per cent, of kapgk oil may be detected in 
mixtures by this test. 

If a positive reactiop f»r cotton seed oil has been 
obtained, the extent of the adulteration may be appioxi- 
mately calculated from the iodine value of the sample 
as follows; Supposing the iodine value found V) be 93. 
Then, taking the average .iodine values of cotton seed 
’and olive oils as 106 and 83 respectively, let * equal the 
percentage of cotton seed oil in the sample. 


Then 


100 -X 
ioo 


83 + 


106 

- X 

IOO 


93 * 


Whence x = from 40 to 45 per cent. 
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• similar indications would be affordbd By the refractive 
index. 

It‘will be obsAved that the difference between the 
saponification values of the two oils is nit sufficiently 
great to afford a means for detecting the Adulterant; 
Jhis would also be the case if any of the possible adul¬ 
terants mentioned above, with tfie exception of rape oil, 
were present. Confirmation of the presence of cotton 
seed oil might pos^bly be obtained from a somewhat 
high spedhe gravity and titer test, or melting point of 
the fatty acids, though the latter figufes would not afford 
any basis for quantitative calculations. 

Ex. 2. Sesame Oil in Olive Oil .—If the sample shows 
a higher iodine value than would be expected from 
genuine olive oil, and gives a negative test for cotton 
seed oil, then sesanje oil should b^ tested for by the 
Baudouin test as follo\#s ; 10 c.c. of tfie oil are treated 
with 10 c.c? of concentrated hydrochloric acid and two 
drops of a 2 per cent, solution of furfuraldehyde, or 
lo^c.c. of concentrated hydrochloric acid in which o-l 
gram of powdered cane, sugar has been dissolved; the 
mixture is shaken vigorously for one minute, and then 
allowed to stand to separate ; ^n the presence of sesame 
oil,the aqueous layer will be coloured a strong crimson. 

This reaction allows of the detection of small quanti¬ 
ties of.sesame oil in mixtures, and is one of the most 
reliable of the colqur reactions applied to oils and fats. 
For these reasons, the addition of sesame oil to margaiinfe 
has be^ made compulsory in Germany and other coun¬ 
tries, ini order to provide,a ready means of recognising 
this article of food. As ^me of the colouring matters 
' used in iftargarine or butter produce a red coloration 
with concentrated hydrochlorii acid, it is necessary, 
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when testing 'for%esame oil in these, to wash the samj^e 
two or three times with tlfe ccycentrated acid before 
applying the actual test, or to compare the colour with 
that prodtfced by hydrochloric acid alone. 

The proportion of sesame oil present in olive oil may 
be roughly calculated from the iodine value of the sample 
and the iodine values of sesame and olive oils, as shown 
in Ex. I. 

Ex. 3. Arachis OW^ in Olivg Oil .—If the sample 
shows a somewhat high iodine value and gives negative 
Halphen and Batidouin tests, arachis oil should be tested 
for by Bellier’s test, which, in common with the other 
tests described under this heading, is based on the fact 
that arachis oil is distinguished by containing appreciable 
amounts of glycerides of fatty acids which are less soluble 
than stearic anc^ other acids generally obtained from 
oils and fats. »Bellier’s test ftmishes indications which 
should be confirmed by examination o?the sparingly 
soluble acids obtained by one of the other methods, 
having due regard to their several limitations whijh are 
mentioned below. In dealing with such mixtures of solid 
fats as do not admit of quantitative analysis (see p.. 157), 
the writer has found J^reis and Roth’s test useful. 

Bellier's Test for Arachis Oil .—^The modification«given 
here is that adopted by Evers,* who has critically 
examined this and the following method in their \^ous 
modifications. One c.c. of the oU is mixed in a flask 
with 5 C.C. of a solution made by dissolving 80 grams of 
pure potash in 80 c.c. of water and making up to a litre 

• 

> Known variously as “ grouiTd nut oil,” ” eartll^ nut tnl,” ” nut 
oil ” or “peanut oil.” ^ 

^Analyst, 1912. 37, 487. Reierences are given here to the 
literature of the subject. 
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with 90 per cent, alcohol; it 4 s saponified by 
heating on the water bath for four minutes under a' 
reflux’condenser. •\uer adding 1-5 c.c. pf acetic acid 
(one vol. glacial aciiVto two vols. water) ai*d 50 c.c. of 
70 per cent, alcohol (100 c.c. of 90 per cent, alcohol 
tg 31 c.c. of water), the mixture is shaken and, if 
necessary, warmed till clear; it is then cooled to I5'5° 
and kept at this temperature for five minutes. A dis¬ 
tinct turbidity will ^e obtained in the presence of as 
little as 5 pOT cent, of arachis oil. Ap approximate idea 
of the amount of arachis oil present may be got by 
immersing the flask in cold water, shaking continuously, 
and noting the temperature at which turbidity appears. 
It is best to warm just sufficiently to clear when this 
happens, and then to cool again, taking the second 
turbidity temperature as the one on^which to base the 
estimation, Evers qnotfs the following table by Franz 
and Adler, for use in this connection :— 


Composition of Oil. 

Turbidity 

Temperature. 

Olive oil . 

II-8—14-3 


with 5 per cent, articlijs 

15-8—17-0 

,1 

10 

19-8 

.. 

20 

257 


• .. 30 

29*2 



31-5 


50 

33-8 


• 60 „ „ 

35-3 

It 

V, 70 .. •j 

36-6 


80 

38-0 


if 9 ® ** ** 

39-3 

Arachis 

oil . . . . . 

40-0—^40-8 
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The presf nee of solid animal or vegetable fats, other 
than coconut or palm kemef oilsj will give rise to the 
formation of .a precipitate which wbuld mask the test 
for arachis hil. 

Estimation of Arachis Oil .—The process described here 
is due to Evers (loc. crit ^); it is a development of Renarefs 
original process and Archbutt's modifications thereof. 
Five grams of the oil arc saponified by heating for five 
minutes in a flask under a reflux condenser with 25 c.c. 
of the alcoholic jvtash solution used in Ae previous 
test. The hot sdap solution is treated with 7-5 c.c. of 
the dilute acetic acid used in the previous test, and 
100 e.c. of 70 per cent, alcohol containing one per 
cent, (by volume) of hydrocUoric acid. The mixture 
is cooled to 12°—14° for one hour and then filtered ; the 
precipitate is wasted with the acid 70 per cent, alcohol, 
breaking it up dccasionally wiA a loop of platinum wire, 
until the filtrate gives no turbidity witlf water. The 
washings must all be measured. The precipitate is dis¬ 
solved in 25 c.c. to 70 C.C., accordiirg to its bulk, of hot 
90 per cent, alcohol, and the solution is cooled to a fixed 
temperature between 15° and 20°, and, if crystals appear 
in any quantity, alloinipd to stand at this temperature 
for one to three hours, then filtered and washed, first 
with a measured quantity of 90 per cent, alcohol (about 
half the amount used for the crystallisation), aad seepnd 
with 50 c.c. of 70 per cent, alcohpl. The crjretals are 
washed by means pf warm ether into a weighed flask and 
weighed after cfistilling off the ether and drying at 100°. 

The melting point of the crystals is taken i» the usual 
way. The process depends on the fact that arachis oil 
yields some 4 to 5J per cent, of acids melfing from 71° 
to 73°, consisting chielfly of arachidic acid, CjoHjjOj, and 
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lignoceric acid, C,4H4gOj, while otheV oils yield at the 
most only traces of|the& acids (see p. 109). If the 
meltitig point is bllow 71°, the material is recrystallised 
from 90 per cent, alcohol, noting the voluifie of solvent 
used in order that the necessary correction may be 
applied. If no crystals or onliV* small quantities of 
crystals are obtained, sufficient water is added to dilute 
the alcohol to 70 per cent, strength (31 c.c. of water to 
100 c.c. of 90 per cent.^ alcohol), the solution warmed to 
clear if na;essary, and cooled to a definite temperature 
between 17° and 19°. In either cas'c crystallisation is 
allowed to proceed at tliis temperature for an hour, 
after which the crystals arc filtered off and washed with 
a measured quantity of 70 per cent, alcohol. If the 
melting point should still be below 71°, the material is 
recrystallised from a small quantity of 90 per cent, 
alcohol or again from 70 per cent, alojhol. The total 
quantities of these two solvents used throughout the 
whole process is noted, and the appropriate corrections 
made according to the following tables. The weight of 
acids multiplied by the appropriate factor given in the 
second table, due to Evers, will give the approximate 
percentage of arachis oil. ‘ 


« 

Weiglit of Acids 
obtained. 

• <grar?is) 

Grams of Acids dissolved by loo c c. of 

90 % Alcohol at (Archbutt) 

c. 

■ J 7 ’ 5 °C. 

20 ® C. 

o-i or le^s . 

0-033 

0-039 

0-046 

0-3 ... 

0-055 . 

0-064 

0-074 

0-5 . 

0-064 

0-075 

0-085 

07 . •. 

0-069 

0*079 

0-090 

0‘9 or more. 

0-071 

d-o8i 

0*091 
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* - 

t 

Weigllt of acids after 
correction for solubility 
in 90 % alcohol. 

(grants) 

Grams of acids dissolved by 
•100 ^.c. of 70 % alcohol. 


M.P. 72®. 

• 

M.P. 7 J«. 

0-02 or less 

o-oo6 

0-005 

0*004 

0.02—0.05 . . • . 

0-007 

0-006 

0-005 * 

0-05—O'oS 

0*009 

0*007 

0-005 

o-o8—0-10 

O’OII 

0*007 

0-006 

0*10 or more . 

o org • 

0-008 . 

0-006 

Factor for converjibn of 




percentage of acids to 




arachis oil . 

17 

^0 

22 


In the presence of solid animal and vegetable fats, the 
test is not so satisfactory in its quantitative application, 
but may still be uled qualitatively in cases where Bellier’s 
test breaks down; according to Lewkowitsch, it is 
possible to estimate approximately arachis oil in lard 
by Renard’s test. In such cases, however, it may-be 
necessary to recrystallise repeatedly from 90 per cent, 
alcohol before an arachidic acid melting over 70° is 
obtained, while a negative result cannot alwa5rs be taken 
as evidence of the absence of arachis oil. * 

Arachis oil is very frequently used as an adulterant 
in olive oil; as will be seen from the table on p. 14S, 
the saponification value or specific gravity of the sample 
would not reveal the presence of this adulterant, while 
the difference between the iodine values of olive and 
arachis oils is not very great..* . 

Ex. 4. Arachis Oil or Hardened Arachis Oil in 
Mixtures with Ordinary or other Hardened OUs .—^The 
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following test due to Kreis and Roth ^«is useful for testing 

for ajachidic acid in such (mixtures containing fiard fats 
as do.not lend themsllves to treatment by the processes 
described in the p(eceding example. Thj test itself, 
however, would not indicate whether the alachidic acid 
was obtained from hardened or natural arachis oU; in 
Scaling with hardened oils the dnalyst is often in the 
unfortunate position of having to be content with very 
limited indications (see p. 168). The test resembles 
Renard’s original test fn that advantage is taken of the 
relative solubility of the lead salts of the unsaturated 
fatty acids and the insolubility of those of the saturated 
acids. 

Twenty grams of the sample are saponified by heating 
with 40 c.c. of a 20 per cent, alcoholic solution of potash ; 
60 c.c. of 90 per cent, alcohol are added and sufficient 
50 per cent, acetic acid to acidify \hc mixture (about 
15 C.C.), which is then heated to the boiling point and 
treated with a hot solution of 1-5 grams of lead acetate 
in about 50 c.c.'of 90 per cent, alcohol. After allowing 
to stand for twelve hours at the ordinary temperatoe, 
the lead soaps are separated and decomposed by heating 
witii hydrochloric acid. The fatty acids thus obtained 
are,crystallised three times from 90 per cent, alcohol, 
and the melting points of the crops are determined. If 
not le^s than 5 per cent, of natural or hardened 
arachis oil be present, the melting point will be above 

Ex. 5, Rape Oil in Olive or Arachis Oils .—^The pres¬ 
ence of considerable quantities of rape oil in olive oil 
might be indicated by a sdlnewhat high iodine value or 

• Zeitschr.Mar Unteisuch. Nahr. u. Genussmittel, 1913, 25. 
81, abs. Analyst, 1913, 38, 160. 
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refracfive index, liut in the case of arachis oil supposed 
to be adulterated with rape eil, no definite information 
could be obtained from the result of the determination 
of these constants. Bearing in rnijid the comparatively 
low saponification value of rape oil, it is evident that 
samgles of olive or ^j-achis oils adulterated with appreci¬ 
able quantities of rajJb oil should show abnormally low 
saponification values. In this connection it may be 
mentioned that of the oils and fats given in the table 
on p. T48, which have low sajtbnification T,plucs, rape 
oil is the only on« which would be likely to occur as an 
adulterant of arachis or olive oils. 

The approximate proportion of rape bil present might 
be calculated from the saponification value of the sample 
as follows : Supposing that a suspected sample of arachis 
oil was found to have an iodine value of 97, and a saponi¬ 
fication value 187. Then, taking the mean saponi¬ 
fication value of arachis oil as 193, anddhat of rape 
oil as 174-5, if X equals the percentage of rape oil present. 


100 - X 174-5 X 

- -193 + —' = 187, 

100 *100 ' 


whence x = from 30 to 35 per cent. 

In this case the determination of the specific gravity 
would be of little use, but a sample of arachis oil adul¬ 
terated with rape oil might show an abnorn^gUy low 
titer test. * * 

As rape oU has been shown to contain <Jnly very small 
amounts of arachidic acid, a determination of arachis oil 
as arachidic acid could be made as described ^bove, in 
order to check the result oblained from tha calculation 
based on the saponification value. • 

Rape oil may be detected and approximately estimated 
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ia mixtures by TortelK and FortiniJs method.(See 
Bolton and Revis, " Fatty Foods.") 

Ex. Co/(on Setd f)il in Rape Seed Oil. —^The pres¬ 
ence of cotton seed oil,as an adulterant in raj^ oil would 
be revealed by a higher saponification value than would 
be expected from pure rape oil, and^might be confirmed 
by’ the Halphen test for cotton ^feed oil. The iodine 
value, refi'active index, titer test, and specific gravity 
would all tend to be raised owing to the presence of the 
adulterant, though th&(*figures, excepting, perhaps, the 
titer test, would not be noticeably influenced unless the 
amount of cotton seed oil present was large. The extent 
of the adulteraticm might be approximately calculated 
from the saponification value of the sample and the mean 
saponification values of cotton and rape oils, as described 
above in Ex. 6. 

Ex. 7. Arachis Oil, Setame Oil, CoSon Seed Oil, Palm 
Kernel or Cocanui Oil in Lard. —^The presence of any of 
the liquid oils would tend to raise the iodine value and 
the refractive index, whereas the presence of either of 
the two solid fats mentioned would tend to lower these 
figures. If one of the oils were added together with one 
of the solid fats in certain prpportions, the iodine value 
or refractive index might obviously furnish no indica¬ 
tion at all regarding the additions. Sesame and cotton 
seed oils.could be detected by their characteristic re¬ 
actions (see Exs. i and 2), while arachis oil, if suspected, 
should be tested for as described in Ex. 4. Coconut or 
palm kernel oils, if present in sufficient amount, would 
be indicated by a high saponification value, but better 
still by a definite Polenske (and Reichert) value. (See 
pp. 134-138.) Bolton, Richmond and Revis ‘ have con- 
‘ Analy^, 19x2, 37, 183. 
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structed curves frSm which the percentage of coconut 
, or palm kernel oils may be dftducjd from the Polenske 
value. They ^ve the following e(Jhations for •these 
curves :— * • 

* (C.N.O.) = 12-3 (P- 0 - 45 ) 

A, (P.K.0.t»=i672 (P-o-45) "'SO*' 
where Ar=the percentage of coconut or palm kernel oil, 
and P = the Polenske value. These equations may easily 
be solved with the help of a ISgarithmic hjble. The 
writer has obtained very satisfactory results with the 
use of the curves, working with mixtures of known com¬ 
position, the greatest error being +3"per cent. The 
state of the insoluble acids will indicate which of the 
two fats is present. Burnett and Revis ^ have devised 
a method for examining the acids from the Polenske 
process in order to*detcrmine the relative proportion of 
palm kernel and coconut oils if both of thes^are present; 
the method requires some practice with mixtures of 
known composition before it can be applied to unknown 
mixtures. * 

Confirmation of the presence" of vegetable oils or fats 
could be obtained by meanj of the phytosteryl acetate 
test (see p. 142). This tvould be especially desirable if 
cotton seed oil were the suspected adulterant, for it has 
been shown that lard from hogs which have teen fed 
on cotton seed cake may give a positive Halphen're- 
action for cotton seed oil. Paraffin "wax Has sometimes 
been added to defeat the objects of this test. (Sm p. 144 
and Ex. 10.) 

Ex. 8. Arachis, Sesame, of Cotton Seed Oik in Cacao 
Butter .—^The adulteration of cacao butter, qr chocolate 

* Andlysl, 1913 . 3 ®, » 55 . 
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fat, with the above-mentioned oils tould be detected 
on the same lines as jndichted in the previous example, 
excepting, of couAe, that the phytostcrjjl acetate test 
would in this case not be available, as catfao butter is 
itself a vegetable product. As cacao butter has a fairly 
I9W iodine value, the extent of the adulteration might 
be approximately calculated as indicated in Ex. i. The 
titer test and melting point of the fatty acids of cacao 
butter are fairly high, and would tend to be lowered 
through the presence of the oils in fluestion. A deter¬ 
mination of the melting point of the sample should also 
be made, as it is important that fats used in chocolate 
making should not melt at too low a temperature. 

Ex. g. Fish or Bluhbcr Oils in Rape Oil. —Fish or 
blubber oils may often be detected in mixtures by their 
characteristic smell, which becomes jnore noticeable on 
warming. The prcscnce*of these adulterants would tend 
to raise both the saponification and the iodine values, 
especially the latter, on which quantitative calculation 
might be based as in Ex. r. Fish or marine animal oils, 
and other drying oils sucji as linseed oil, may be distin¬ 
guished from, and detected in the presence of non-drying 
and semi-drying oils such as gape oil, cotton seed oil, 
araohis oil, etc., by means of the hexabromide test, 
which is based on the fact that the hexabromo (or 
oetpbromo) derivatives yielded by the first mentioned 
group are practically insoluble in ether and certain other 
solvents; the semi- and non-drying oils, on the other 
hand, ar-e only capable ot yielding lower bromine addition 
products'winch are soluble under the conditions of the 
test. (Seep, tog.) 

Hedphen's modification of the hexabromide test is as 
follows : 0'5 c.c. of the oil are mixed with 10 c.c. of a 
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mixture of 28 pafts by volume of glacial acetic acid,' 
I part of bromine and 4 paVts ^f nitrobenzene, <n a 
clean, dry test tube, the tube ia closeO and shakert, and 
the content? examined. The semi* or non-drying oils 
produce, at the most, only a slight turbidity, while the 
fish 0? marine animat jils, or other drying oils, product 
a distinct precipitate which is not dissolved on the 
addition of 10 c.c. of methylated ether. Rape oil gives 
a turbid liquid separating into two layers, but on the 
addition of 10 c.c. ether a clear liquid is fortned. 

The indications* afforded are, of course, only of a 
qualitative nature, but the test would^prove useful in 
deciding whether a sample of raja- oil, showing an abnor¬ 
mally high iodine value, had been adulterated with a 
fish or other drying oil, or with larger quantities of a 
semi-drying oil ha\ang an iodine value higher than rape 
oil. Bolton aiuUKevis state that as little as 5 per cent, 
of fish, marine animal or drying oil may b^ detected in 
rape oil, but that the test breaks down in the jirescnce 
of animal fats such as beef tallow and lard, which pro¬ 
duce a precipitate under the conditions of the test. Shea 
butter is stated to behave similarly to the animal fi^Js. 

Ex. 10. The Deteciioit (f Paraffin Wax in Lard or 
Cacao Butter .—The following method was deviscd*by 
Polenske for the detection and estimation of paraffin wax 
in lard. It may also be applied to the detection of this 
adulterant in other fats. 

As very small amounts .of paraffin wax have some¬ 
times been added in order to circumvent the phytosteryl 
acetate test, it may be necessary to work on*hot less 
than too grams of fat. In this connection'it may be 
pointed out that if the digitonin method betomes uni¬ 
versally available, this particular form of sophistication 
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wll probably disappear for reasons Wted on p. 142. 
The fat is saponifie 4 . an'd the unsaponifiable matter 
extracted on the fines laid down on p. 143. If much 
paraffin wax is presftit, less fat may be taKen, but the 
saponification treatment should be prolonged in order 
to ensure complete decomposition 
saponifiable matter is shaken with i c.c. of petroleum 
ether for twenty minutes at 15° to 16°, transferred to a 
small funnel plugged .wj,th cotton wool and washed with 
five portiofts of J c.c. of petroleum ether. The paraffin 
wax will be dissolved away together'with 'some of the 
alcohols, but as ijiore cholesterol is dissolved than phyto¬ 
sterol, the phytosteryl acetate test will be made sharper 
when applied to the residue as described above. The 
petroleum ether solution is evaporated and the residue 
transferred to a test tube, in whichit is heated for an 
hour with 5 c.c. of pure concentrated sulphuric acid at 
105°. After*cooling, the acid is diluted and extracted 
with petroleum ^ether. The petroleum ether extracts, 
containing the paraffin wax unchanged, are evaporated 
in a tared fia,sk and weighed after drying at 100°. 

Blitter and Margarine Fats .—^The fats may be separated 
for analysis by filling the sSimple into an ordinary gas 
jartind placing it in a steam oven till separation has 
taken place. The fat is then filtered through a thick 
soft filter paper. 

Genuineness of Butter Fat .—^The most useful methods 
for examining butter fat are outlined.under the Reichert- 
Meissl, Polenske, Kirschner processes. (See p. 134 ef 
seq.) Some indication of tjie use of the Reichert-Meissl 
and Polenske values in this connection has already been 
given, but ifom what has been said it would appear that 
the relation between the Kirschner and the Polenske 
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values afford thtf best means of judging butter fat. 
Bolton and Revis suggest • the^ following values as 
standards •— 


Kirschner 

Value. 

« 

-•— 

Polenske 

Value. 

• 


20 

1-6 

22 

2*X 

24 

a*& 

26 

3*2 


A variation of i-o is allowed either way in the Polenske 
value corresponding to any particular Kirschner value, 
the addition of less than 5 per cent, of coconut oil 
causing the Polenske value to fall outside the limit. 
Palm kernel oi],would naturalty affect the values simi¬ 
larly, i.e., lowering the Kirschner value and raising the 
Polenske value, but to a somewhat smaller extent in 
the case of the latter value. In the wfiter's experience, 
genuine butters give values fjjling within these limits. 
The subject is too complex to be pursued into detail 
here, but the following j)oijjts may be noted: If a high 
Polenske value be found, the approximate amouijt of 
added palm kernel or cocoanut oil may be determined 
by calculating from the formulae given on p. i6j, taking 
the Polenske value found and subjracting from it the 
average value which would be due to theWter present. 
The presence of vegetable fats may often be qpnfirmed 
by the phytosteryl acetate test already described. It 
has sometimes been the practice to use the refractive 
index as a sorting test, but this is lutile, a»many mar¬ 
garine fat compositions give the same values as genuine 
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butters. The information given by the Keichert-Meissl 
value is also inadciyate* when taken by itself, for a 
butteV giving a Itigh value may easily be adulterated 
with other edible fats and still give a vaHe above the 
recognised limit of 24. In this respect the Kirschner 
value gives a sharper indication.* Advantage nviy be 
taken of the Halphen and Baudouin reactions in testing 
for cotton seed and sesame oils. E.xamination of a thin 
film of the butter itsflf between the crossed Nicol prisms 
of a polarisation microscope may jfford useful indica¬ 
tions ; butter should give a uniform^ dark field except 
possibly for some isolated cubical crystals of salt, while 
if margarine is present, bright patches will appear. 
Renovated butter, i.e., butter which has been melted 
and rechurned with fresh milk, will give the appearance 
of margarine. In difficult cases, ,the Ave-Lallcmant 
method may prove useful for detecting adulterants where 
the indicatihns given by the above methods are incon¬ 
clusive. (See Bolton and Revis, " Fatty Foods.”) 

Margarine Fat .—An outline will be given here of some 
of the, main methods awiilable for the various types of 
margarine fat compositions. Margarine fats consist of 
mixtures of solid fats and liquid oils in proportions 
varying within certain limits. The solid fats may be 
(a) animal fats, i.e., lard or beef fat; the beef fat used 
iu.mai^arinc making, which contains all the glycerides 
naturally present, is known as " Premier Jus,” and the 
softer portions, i.e., jus from which stearine has been 
removed by fractional crystallisation, is known as 
“ Oleo.* (6) The vegetable fats coconut and palm 
kernel oiM. (c) Hardened or hydrogenated fats, 
oils which''have been treated with hydrt^en in presence 
of a catalyst whereby the unsaturated glycerides have 
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been converted iifto stearinc. The principal liquid oils 
used are arachis oil, cotton seed oil, and, more rarely, 
soya bean oih • • 

The Polsnske value will at onje show whether the 
above-menfioncd vegetable fats are present or absent, 
and„if present, their percentage may be determined as 
explained on pp. i34*and ibi. Butter will be indicated 
by a definite Kirschner value, and the percentage of 
butter fat in the mixture is given with fair accuracy by 
the following forijiula (Bolton,* Richmond*.and Revis, 
loc. cii., p. lOo) : • 

K—{o-iP +0-24) 

Butter per cent. =- • 

^ 0-244 

where P=tlic Polenske value, and K = the Kirschner 
value. 

The maximum amount of butter which may be added 
to margarine is fixed by law at lo per cent. Microscopic 
examination of the crystalline structure of the fat may 
give useful indications. A drop of the melted fat may 
be placed on the slide, pressed out under a cover glass, 
and allowed to set slowly. Ifhe crystals may be seen 
very distinctly against a dark field if the polari&tion 
microscope is used, toconut and palm kernel^ oils 
crystallise as long ne.edles radiating from common cen¬ 
tres, while stearine from beef fat (or hardened dls) takes 
the form of feather}’ tufts. Lard crystallised from tfher 
which has been allowed to evaporate* spontaneously 
forms crystal with chisel-shaped edges which may be 
detected with some practice. Cotton seed ajd sesame 
oils may be detected by theif characteristic [eactions (see 
pp. 150 and 152), making due allowance fqc any colour 
which may be produced owing to the action of the acid 
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«n the colouring matter in the sesam# oil test, .toachis 
oil, ^yhich is used in the best qualities, may be detected 
by the Kreis and»Roth test (see Ex. 4), The iodine 
value or the refractiw; index, preferably the former, may 
be made use of in calculating the approximate per- 
cjntages of the various ingredients »n the lines laid down 
in Ex. I, but unless the mixture is a fairly simple one, 
as in the case of a vegetable margarine, the problem 
may be very involved. The phytosteryl acetate test is 
not of much use in this connection, qs vegetable oils are 
practically always present. It is unfortunate that the 
only chemical method available for the detection of 
cholesterol (see p. 14()) is so laborious, for this would, 
at least in some cases, afford a means of deciding whether 
a margarine contained an animal fat or not. There is 
no certain method for detecting hardened oils, which 
have of recent years bedn used to some extent in mar¬ 
garine. The«search for traces of nickel catal)tst may be 
regarded as futile. Possibly some means may be elabo¬ 
rated on the line^ of Moore's investigation on the iso-oleic 
acids of hardened oils.^ The expert taster may, however, 
be able to detect these fats, which, in the light of Halli¬ 
burton and Drummond’s researches,® must be regarded 
as ipferior substitutes for beef fat, owing to the absence 
of the fat soluble accessory growth substances. 

In conclusion, it may be remarked concerning edible 
fats that palatability naturally pla5rs an important part 
in their valuation, and that it is not susceptible of 
chemical,measurement. (See pp. in and 140.) 

From the above example it may be seen how the 
analytical processes described in this chapter may be 
applied in the analysis of simple mixtures of the more 

*y.S.C./., 1919, 38, 320 T. * J.'Physiol., 1917, 51, 235. 
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well-known fatty 6ils and fats, or identifying unadulte* 
rated samples of the latter. The examples of adultera¬ 
tion given a^e all comparatively simple; in actual 
practice, hoftever, problems may oc«ur which will require 
for their solution more extensive investigations and 
greater experience in«this branch of analytical chemistry 
than can be obtaineS from the present work. The 
student wishing to pursue the subject further is recom¬ 
mended to consult the works mentioned below. 

• • 
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CflAPTER IV 

SOAP 

IntroductArv 

Soap coiisiaLs l■^3cntially of the sodium or [wtassium 
salts of the fatty acids, with or without admixture of 
the salts of rosin acids. They may be produced by the 
direct action of aqueous caustic alkali on the fat by 
agitating the mixture well and heating with steam, or, 
in the case of c»conut and j)alm kernel oils, at the 
ordinary or slightly elevate(^ temperatures. The fatty 
acids may also be prepared from the faAs by various 
methods and then neutralised by alkali. Twitchell’s 
reagent is largely used for hydrolysing fats ; it is. pro¬ 
duced by allowing an excess «f sulphuric acid to act on 
a solution of oleic acid in aifchiatic hydrocarbons., and 
is supposed to contain*cofhpounds of the type 
C^H^SOjH (CiAA)- 

Lewkowitsch explains its action by the readiness with 
which it forms intimate emulsions with fat. liydr«lysis 
may also be accomplished by heatihg th« fat with 3 per 
cent, of lime under a steam pressure of 120 lbs. per 
square inch. Finally, fats are hydrolysed byjhe action 
of certain plant enzymes, the lipol5rtic enz^e of the 
castor oil (Ricinus) seed having been employed on a 
large scale ; this metliod has not been widely used. 

171 
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. The soda soaps are separated from the glycerol and 
the excess of water and alkali by adding common salt 
to the boiling nuKturebeing insoluble in brine, they 
are " salted out ” i® admixture with a relatively small 
proportion of water as a molten layer above the aqueous 
"lye.” In making the finer grade soaps, more water 
may then be added, and the salting out process repeated. 
On the other hand, the soft potash soaps and the soda 
vegetable soaps made by the cold process cannot be 
salted out,*satisfactoriry, and therefore contain the gly¬ 
cerol and excess of water and alkali i As explained on 
p. 138, coconut and palm kernel oils consist of the 
gylccrides of fatty acids of relatively low molecular 
weight; this explains why their soaps are more soluble 
in brine than other soaps ; this property enables these 
soaps to be used with salt water, for which reason they 
are sometimes known aj " marine or sflt water soaps.” 
Coconut and palm kernel oils may, however, be used 
in conjimction with other fats in the ordinary course of 
soap making. * 

The rosin, or colophony, which is used in conjunction 
with fats in the manufacture of cheaper soaps, consists 
of the residue which remains after distilling off the oil 
of yirpentine and moisture from pine resin ; it is chiefly 
composed of acids which dissolve in caustic alkali solu¬ 
tion with the formation of soap-like products which 
generally differ from the true soaps produced from fats 
in possessing* greater alkalinity, and being softer and 
darker jn colour. Rosin or colophony should be dis¬ 
tinguished from the rosin spirit or rosin oils which are 
produced from it by destructive distillation. (See 
Chapter V, p. 241.) 

The fats most commonly used in soap making are 
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tallow, palm oil, i%covered grease, coconut oil, cotton* 
seed oil, maize oil, sesame oih palm kernel oil, various 
fish oils, castqr oil, olive oil and laid, linseed oS and 
hardened oiR (see p. 166). In the. case of edible fats, 
it is usually the cheaper grades which are used in soap 
making. 

The amounts of water incorporated with soaps may 
vary within wide limits. Materials, useful or otherwise, 
which may be added to soaps are mentioned below. The 
nature of the perfuipe added is a fairly imporfant matter 
in the case of the'finer toilet soaps, and tliis can very 
often only be determined by those who have an intimate 
experience of perfumery. 

The cleansing action of soap depends, first, on the 
formation of small quantities of free caustic alkali owing 
to the hydrolytic qption of water on the alkali salts of 
the fatty or rosiji acids ; according to the principles of 
mass action, the greater the proportion of water to soap, 
the greater will be the extent of the hydrolysis, so that 
the concentration of free caustic alkali is to some extent 
automatically regulated and Jcept low ; further, the 
greater causticity of rosin soaps as compared with soaps 
formed from fats, may Ijp explained by the fact that the 
rosin acids are weaker acids than the fatty acids, and, 
consequently, their sodium salts are hydrolysed to a 
greater extent in aqueous solution. The removal .of 
dirt of a greasy nature, which caijnot be effected by 
means of water alone, takes place as follows: A small 
portion of the fatty matter is saponified by the caustic 
alkali and removed as soluble soap; th^ greater 
portion, however, is made into an emtlsion with 
the alkaline liquid and mechanically removed with 
the lather. 
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• The various soaps on the markef may be broadly 
classified as follows • 

(1) 'Toilet Soa/is.—These should consist as far as 
possible of the neutral sodium salts of thd fatty acids 
together with moderate amounts of water. They should, 
naturally, contain no impurities or adulterants,, and. 
above all, no free caustic alkali or alkaline carbonate. 
They are often made from lard or olive oil. The trans¬ 
parent toilet soaps jvhich are produced by dissolving 
soap in alcoliol and evaporating the ejear solution, gener¬ 
ally contain glycerol, and sometimes also notable amounts 
of sugar. Floating soaps contain air. 

(2) Laundry Soaps .—These may contain more or less 
free alkali as carbonate or hydroxide. They are usually 
made from tallow, palm oil or rosin. 

(3) Commercial Soaps.—The soft, soaps, which are 
generally made from fish oils or vegotfble drying oils, 
contain glycerol and excess of potash and w'atcr. The 
so-called hydrated soaps, which arc produced from 
coconut or palni kernel oils by the cold saponification 
process, contain glycerol and excess of water ; they arc 
also liable to contain unsaponified fat and free alkali, 
owing to the incompleteness o^ the saponification pro- 
cesst Marine or salt water soaps have been discussed 
on p. 172. 

(.^1 Msedicated Soaps .—^These may contain phenol, 
cresols, naphthalene, and other coal tar products, or 
substances of a similar nature. 

Besides unsaponified fat, free alkali, or free fatty 
acids, sdSps may contain .small amounts of chlorides, 
sulphates, bilicates and other inorganic impurities 
derived frofti the materials used in their manufacture. 
According to Allen, the following additions are some- 
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times made to soe!)} : oatmeal, bran, sawdust, fuller’s" 
, earth, chalk, etc. Considerable (quantities of san^ or 
powdered quartz are used in scouring soaps. Sodium 
or potassiuih carbonates arc add^ to scouring and 
commercial soaps in order to increase their detergent 
properties and also 4 o facilitate lathering with har^ 
waters. Petroleum or*coal tar oils may also be adde(i 
with a view to increasing the detergent properties. Iron 
compounds, ochre, ultramarine and other colouring 
matters are added ,to produce Ae effect of. mottling. 
Sodium silicate, aluminate and borate may also be found 
in commercial soaps. 


The Analysis of Soap. 

Among the more^important constituents to be deter¬ 
mined, are water, total alkali, frftty and rosin acids, free 
alkali as carbonate and hydroxide, and combined alkali 
present as soap. The estimation of adulterants, or fillers 
and legitimate additions, such as alkalint carbonate sili¬ 
cate and phenol, will also be (lescribed. The following 
scheme for the analysis of soap, which will first be briefly 
summarised here, is, to som* extent, based on that'due 
to Allen, Leeds, and others, which is adopted in Allqji’s 
" Commercial Organic Analysis,” 1911 edition. 

Sampling .—^The sample for analysis should,,in the 
case of a solid soap, be taken from,the interior of the 
bar or cake, avoiding the outer dried portions. Liquid 
soap should be alliiwed to stand in a warm pjacc till 
thorouglily liquid, and mixed before sampling. The 
sample should be kept in a stoppered bottle and weighed 
between watch glasses in order to prevent loss #f moisture 
during weighing. 
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The various operations which hkve been outlined 
abo\e are described in detail below. Subsequently, the 
estimation of phenols and neutral hydrocarbons in soap 
will be described, ^d finally the anal}fsis‘of phenolic 
disinfectants containing soap, such as Ij^ol and creoline, 
wll be dealt with. 

(a) Waler .—The following mefhod is due to Watson 
Smith ; 5 to 10 grams of the soap, reduced to fine shav¬ 
ings, are placed in a large porcelain crucible which is 
set in a sdnd bath, heated by a small Bunsen flame. 
The soap is continually stirred with a> glass rod (weighed 
with the crucible) having a rough jagged end to facilitate 
the breaking up of the mass. The process is usually 
complete in twenty to thirty minutes : when, on remov¬ 
ing the flame, a piece of plate glass placed over the dish 
no longer collects moisture, the heating may be dis¬ 
continued, and the dish and contents, together with the 
glass rod, allowed to cool and weighed. The loss in 
weight represents water with possible traces of alcohol 
and essential oift. Burning of the soap must, of course, 
be avoided ; this will, however, if it occurs, immediately 
be noticed by the characteristic odour produced. The 
results of this process are stated to be accurate to within 
0-25 per cent., which is sufflcient for technical purposes. 

The following method given by the American Bureau 
of Standards ^ for the determination of matter volatile 
at 105° is more accurate than the above method. Two 
grams are dried for one hour at 60° in a porcelain dish 
three inches in diameter, 50 c.c. of absolute alcohol are 
then added, the liquid evaporated, and the residue dried 

^ U.S.A. Burean of Standards De{»rtment of Commerce. 
Circular No. ^2. This circular gives methods for the analysis of 
soap, and standards for the various qualities. 
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for ’one*hour at 6(f, and then for two hours at 105°.' 
(The soap should be finely shredded in order that it 
may dissolve c9mpletely in the alcohohand be depcfcited 
as a thin hoiftogeneous layer after ewporation.) 

The following method, due to Fahrion,* is given as 
being the most convenient where great accuracy is not 
necessary. Two to four grams of soap are heated over 
a small flame in a dish with three times their weight of 
oleic acid, which has previously beep heated to 120° for 
several hours. The, mixture should be stirred with a 
glass rod, weighed with the dish, until the soap dissolves 
to a clear liquid. When all the water has been boiled 
off and the mixture starts fuming slightly, the dish and 
contents arc cooled and weighed. The results are stated 
to be accurate to within O’S per cent. 

It should be ren^fmbered that added volatile matter 
(see pp. 174 and, 175) wiU also*be driven off with the 
water; in ordinary cases, however, this will be negligible. 

The U.S.A. Bureau of Standards “ gives the following 
limiting percentages for matter volatile at 105° (a), and 
standard percentages of volatilf matter on the basis of 
which the matter not volatile at 105° is to be paid for 
as soap (6). Two per qpnU to be deducted from the 
weight of soap paid for, for evcrj-1 per cent, in excess 
of {b). Milled Soaps. (Toilet.) (a) 15, {b) 10. White 
Floating Soap, (a) 34, ( 4 ) 28. Salt Water Soap. ,(<i) 
and (6) 55. Special and Ordinar5' Lfiundry Soaps, (a) 
34, (6) 28. Moisture not to exceed 20 per*cent. Four- 
fifths of a pound of matter not volatile at 105° tp repre¬ 
sent one pound of soap. Chip Soap. (Suitable for use 

* 

‘Zeitschr. I. Angew. Chemie, 1906, )dx. 385, abs. Analyst, 
1906, 166. 

• See footnote i above (p. 176). 
a.i.A. u 
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'with soft water in high-grade laun<iry work.) (a) 15, 
(i) 10. Nine-tenths,of a'pound of non-volatile matter ■ 
to be'taken as on^ pound to be paid for. 

As will be seen from the table of typical analyses of 
soap on p. 196, the percentage of water varies very con¬ 
siderably in the different grades of koap. The best toilet 
soaps may contain as little as 10 to 13 per cent, of water, 
while some of the inferior hydrated varieties will contain 
as much as 70 to 80 per cent. Soft soap usually contains 
about 35 to 45 per cent, of water, and a good yellow soap 
some 15 to 25 per cent. " 

(6) Unsttponified Fat and Other Matter Soluble in 
Petroleum Ether .—Dissolve 5 grams of the soap in alcohol, 
evaporate to a paste, mix with clean dry sand, dry first 
on the water bath and then at 105°, stirring occasionally, 
and extract with petroleum ether as-described on p. 87. 
(If sodium bicarbonate is added, as directed on p. 144, 
the free fatty acids, if any, will be excluded from the 
petroleum ether extract.) The petroleum ether extract 
is evaporated to dryness in a tared flask, dried at 100° 
and weighed. , 

In addition to extraneous unsaponifiable matter, such 
as vaseline, coal tar product?, etc., the residue thus 
obtained will contain any unsaponified fat or free fatty 
acids which may be present, together with traces of 
es^ntiol oils added as perfumes, and unsaponifiable 
matter occurring naturally in the fats. Unless, however, 
notable amounts of foreign material have been added to 
the soap, this residue should, in most cases, be very 
small. '•The estimation qf phenols and neutral oils in 
soap is described in a subsequent portion of this chapter. 
In Allen’s’'' Commercial Organic Analysis,” 1911 edition, 
Vol. II., p. 425, will be found a systematic scheme for 
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the examination of*the petroleum ether soluble material 
from soap. 

(c) Fatty aniRosin Acids .—11 me soaj) uoes iioi con¬ 
tain any app;-cciable amount of petftleum ether soluble 
material, and the laist operation has been omitted, the 
operation now to be d^eribed may be commenced, eithe/ 
with a fresh portion of the original sample or the residue 
from the water determination. The material, if pre¬ 
viously treated with petroleum ctjior, is sprcf^d out and 
warmed gently so that the solvent may evaporate ; it is 
exhausted with boiling water, and the aqueous solution 
filtered or decanted from any insoluble matter that may 
be present. Normal nitric acid is then added from a 
burette until no further ])recipitate is formed ; about 10 
to 20 c.c. of the acid are further added, and the total 
quantity used is noted. The jnocipitated acids are 
allowed to solidify, and the aqueous liquid is decanted 
off and preserved for further examination. The acids 
are re-melted and mixed with hot wa^er, allowed to 
solidify and the water decanted off and added to the 
main portion; this process is* repeated’two or three 
times, after which the acids are filtered off and washed 
with cold water until the avaShings arc no longer acid to 
methyl orange. The washings are added to the maSn 
portion of the aqueous liquid, which will contain the 
total alkali of the soap as nitrate ; generally alsd small 
quantities of chloride and sulphate, solublq fatty acids 
if the soap is derived, from coconut or palm kernel oils ; 
glycerol in the case of soft soap or soap made by the cold 
process ; and any sugar, glycjrol, dextrin, gelatine or 
other soluble foreign matter which may have bwn added 
to the soap. 

The funnel with the filter containing the insoluble 
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'acids is placed over a small weighecl beaker in an air 
oven, and the whol% is Heated to about ioo°. As the 
filter'dries, the bulk of the melted acids will pass through 
it into the beaker below, where they may be weighed 
after cooling. The acids adhering to the filter and funnel 
are washed by means of petroleijift ether, which is com¬ 
pletely volatile below 8o°, into a tared flask, dried at 
100° after removal of the solvent by evaporation, and 
weighed, their weight, being added to that of the main 
portion. ’The weight of the total fatty acids, multiplied 
by 0'97, gives the weight of the dcid anhydrides (or 
radicles) existing in the soap. 

If a weighed portion of the acids is dissolved in neutral 
alcohol and titrated with standard alcoholic potassium 
or sodium hydroxide solution, using phenol phthalein as 
indicator, the total combined alkali existing as soap 
proper may be found; this is calculated to NajO or 
K, 0 . The'latter may also be found by subtracting the 
free alkali from the total alkali, determined as described 
below. The soluble fatty acids in the aqueous liquid, 
if any, are determined as described under (e) and added 
to ,the main portion in the final statement of the results 
of the analysis. • ,, 

'The above method may be varied in several ways. 
Sulphuric acid may be used in place of nitric add for 
precipitating the fatty acids, if sulphates, are not to be 
determined ^as under (/). For a rough estimation, the 
cake of fatty acids obtained from a larger portion of the 
sample may be dried between filter paper and weighed ; 
sometiines a known weight of beeswax is added to form 
a cake wfth the acids; this is necessary in dealing with 
liquid or* semi-solid adds, as would be obtained from 
soft soaps. 
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Other methods af e based on the extraction of the fatt/ 
, acids from the aqueous liquid by,means of ether,, and 
weighing the dried residue obtained after evaporation of 
the solvent, Jither as acids or after conversion into soaps. 
A separating funnel may be used for the ether extraction, 
in which case the ofieration should be repeated twice 
with smaller portions of ether, and the united extracts 
should be washed with small portions of water to remove 
mineral acids. Several continental workers advocate 
the use of Huggenhfrg and Stadlinger’s " Sa^meter," * 
which consists of a special graduated tube with a side 
tap by which an aliquot portion of the ethereal solution 
of acids may be drawn off, thus avoiding the somewhat 
cumbersome procedure with the separating funnel. 

Fendler and Frank,* discussing the various methods 
of treating the fattjj acids for gravimetric determination, 
make the followisg recommend^ions : Coconut or palm 
kernel oil acids can only be correctly estimated (owing to 
their comparative volatility) by titrating them to neu¬ 
trality against phenol phthalein in etfier and alcohol 
(or alcohol) solution with alcoholic soda or potash, 
evaporating the residue and drying it at 103° to 105°. 
The acids from linseed ojl s»aps give high results owng 
to oxidation on drying (see p. 130) whether as acidsi or 
as soaps ; these acids, or their soaps (obtained as just 
described for palm kernel or coconut oil acids)* shqpjd 
therefore be dried in an atmosphere pf carbon dioxide. 

The valuation of soaps is largely based on the per¬ 
centage of £a.tty acids, calculated to anhydrides, as 
indicated above. The best ^toilet soaps willft:ontain 
some 80 per cent, of fatty acids, good household soaps 

•Chem. Zeit., 1912, 36, 938. abs. Analyst, 1912, ji, 479. 

• Zeit. Aagew. Chem., 1909, 22,252, abs. Analyst, 1909.166. 
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• 6o to 65 per cent, of fatty or fatty afld rosin aci^, while 
the .cheaper grades which«contain filling material, sodium , 
carbenate or silicate, sand, etc., and the soft and hydrated 
soaps, may contain^s little as 10 to 20 percent, of fatty 
or fatty and rosin acids. 

, The U.S.A. Bureau of Standards '■ specify thatliquid 
soap should be a clear solution'of vegetable oil potash 
(or potash and soda) soap containing not less than 20 per 
cent, of soap. 

{d) ToiAl Alkali .—"fhe total aqueous liquid separated 
from the fatty and rosin acids, including the filtrate and 
washings obtained as described under (c), is titrated with 
semi-normal potassium or sodium hydroxide solution, 
using methyl orange as indicator. The difference be¬ 
tween the number of cubic centimetres of normal nitric 
acid used for the liberation of the ta^^y acids as described 
under (c), and half tlu? number of cujjic centimetres of 
semi-normal alkali used in the last titration, will be the 
number of cubic centimetres of normal acid equivalent 
to the total alkali of the soap. This is calculated to 
NajO or KjO, as the c£^e may be. 

(e) Soluble Fatty Acids .—^This estimation is based on 
the fact that the fatty acids show an acid reaction 
tOrWards phenol phthalein but not towards methyl 
orange ; the latter indicator may therefore be used for 
the estimation of free mineral acid by titration, in 
presence of fatty ^acids which may then be estimated 
by adding jihenol phthalein to the solution which has 
previously been rendered neutral towards methyl orange, 
and continuing the titration with caustic alkali solution 
until a pemianent pink tint appears. The determination 
of the soluble fatty acids is accordingly carried out by 

‘ See footnote, p. 176. 
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adding’phenol phSialein to the solution from the deter, 
mination of the total alkali (a* described under {d}), and 
titrating with deci-normal caustic*alkali solution^'The 
number of •cubic centimetres required to produce a 
permanent {)ink tint is calculated to caprylic anhydride, 


being equivalent to one molecule 


C.H, 

of the anhydride; the weight of the latter as Na^O 
is added to the weight of the anhydrides of the 
insoluble acids already estimat6<f as described under 

(c)- 

The presence of appreciable amounts of soluble fatty 
acids will indicate that the soap has been made from 
coconut or palm kernel oils. 
if) Chlorides and Sulphates .—^These constituents may 


be determined in aliquot portions, say, one-fifth each, of 
the neutralised Hquid obtained from operations (d) or (e). 
The chlorides are determined in the usual manner by 
titrating the faintly acid solution with deci-normal silver 
nitrate solution, using a few drops of potassium chromate 
solution as indicator, and continuing thp titration until 
a permanent faint red-brown colour appears. The 
number of cubic centimetjes of silver nitrate solution 
required is calculated t (5 express the percentage of NaCl 
(or KCl) in the sample. Sulphates are determined by 
precipitation with barium chloride solution, in yie usual 
manner, and the amount of barium sulphate weighSd is 
calculated to express the percentage ef Na^Oi (or 
KjSOj) in the sample. 

As will be seen from the table on p. 196, tfee better 
the quality of the soap, the sihaller will be the percentage 
of sodium chloride and sulphate. The U.g.A. Bureau 
of Standards allow i per cent, each of Na^SO, and NaCl 
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in ordinary laundry soaps, and onl^ o-i per cent, of 
Naj§04 and 0-3 per cent.»of NaCl in milled soaps. 

{g)>Glycerol (in absence of sugar).—The. determination 
of this constituent js mainly of interest iif the case of 
soft soaps, and the hydrated soaps made 'by the cold 
process. As was pointed out abot^e, some toilet.soaps 
may contain added glycerol. 

For the estimation, an aliquot portion of the neutra¬ 
lised solution obtained from operations (d) or (e) may be 
used. Thd method to* be describe^ is due to Hehner, 
and depends on the quantitative oxidation of glycerol 
to carbon dioxide and water by means of potassium 
dichromate solulion, the amount of dichromate used for 
the oxidation being measured by a titration process. 
The method is, of course, only applicable in the absence 
of other oxidisable matter such as sugqr, which, if present, 
must be removed as destiibcd below uiyier {h). 

The following solutions will be required:— 

Potassium dichromate solution, containing 74'56 grams 
of the pure salt and about 150 c.c. of concentrated 
sulphuric acid per litre. , 

Ferrous ammonium sulphate solution, containing 240 
grams of FeS04 {NH4)jS046Hj0 and 50 c.c. of concen¬ 
trated sulphuric acid per litre". 

Potassium dichromate solution of exacUy one-terUh the 
strength,of the other solution of the same salt. The stronger 
dicWmate solutioiv i c.c. of which should be equivalent 
to O'OI gram \)f glycerol, is titrated against the ferrous 
ammoni^um sulphate solution. 

The selution in which the glycerol is to be estimated 
is made up 4 o about 250 c.c. and transferred to a beaker 
which has been cleaned with potassium dichromate and 
sulphuric acid, in order to remove all traces of oxidisable 
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matter.' 50 c.c. of the stronger dichromate solution art 
then add^, and the beaker is.covered with a clock glass 
and heated for two hours in boiling water. At the end 
of this time^ excess of the ferrou^ ammonium sulphate 
solution is added, so that the whole of the remaining 
potassium dichromale will be reduced to chromic sul¬ 
phate, and a convenient amount of the ferrous salt left 
over for titration with the weaker dichromate solution. 
The approximate quantities of the various solutions 
required may be crdculated from*tte following equation, 
representing the iateraction between the dichromate and 
the ferrous salt in solution. 

KjCrjOj + 6 FeSO« + 7 H^SOi = KsS04 + Crj(S04)j 
+ 3 Fcj (504)3 + 7 HjO. 

The titration witji potassium dichromate solution is 
carried out, usipg a weak solution of potassium ferri- 
cyanide as an outside indicator, according to the well- 
known method described in text books of quantitative 
inorganic anal5^is. The glycerol is qilantitatively oxi¬ 
dised to carbon dioxide and, water bsi the potassium 
dichromate, which is reduced to chromic sulphate as 
indicated by the equatimi given above. From thesddata 
the amount of glycerol present in the original solution 
may be calculated. 

(A) Sugar .—If cane sugar, glucose, invert ^gar,^or 
dextrin are present, they will inter^re with the estima¬ 
tion of glycerol by the above method. ‘They may be 
tested for in the solutions obtained from operations (<j) 
or («) by warming with Fehling's solution, can* sugar or 
dextrin giving a reaction alfter the solutian has been 
heated for fifteen minutes on the water bath with about 
1 per cent, of hydrochloric acid. It may be pointed out 
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that glycerol has a faint reducing action on Pfehling’s 
solution on prolonged heading. 

Cine sugar has,be<n added to toilet soaps, especially 
transparent soaps; in some cases as muchi as 20 to 30 
per cent, of cane'sugar have been fouftd. Sugars 
of any kind should be absent ^om good soaps, as 
fhey can only be regarded as " fillers.” The U.S.A. 
Bureau of Standards exclude sugar in their specifica¬ 
tions. 

(j) Free Alkali or Fatty Acids .—Five to ten grams of 
the original sample are dissolved in aop c.c. of hot neutral 
alcohol in a flask, loosely corked to prevent absorption 
of moisture and carbon dioxide from the air. If the 
soap contains much water, it should first be partially 
dried in an atmosphere free from carbon dioxide. The 
hot solution is filtered rapidly through a weighed Gooch 
crucible to prevent undue exposure'of the solution to 
air, care being taken that none of the soap jelly separates 
out on the filter. The filter is washed with absolute 
alcohol, and tha total filtrate and washings titrated in 
presence of phenol phthalein with deci-normal acid or 
alkali, according to its reaction. If alkaline, the amount 
of standard acid required will give the percentage of 
free caustic alkali in the soap * if acid, the amount of 
alkali required is calculated to oleic acid (CuHgiOi) and 
returned as free fatty acids. 

tftrating the neutralised alcoholic solution with 
acid, using this tiifte methyl orange as indicator, the 
alkali existing in the soap as sodium salts of fetty or 
rosin ac^ may be found. {See also (li).) 

The abo^e method has'-recently been criticised by 

several workers. Other methods have been based on 

1) 

the precipitation of the fatty acids and carbonate as 
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3arivu% salts, thus Kling, Genin and Florentin * give the 
following method for determining caustic alkali in soaps 
;or commercial soda), precipitatinf in,5o per cent, alcohol 
owing to rtie fact that barium borate and silicate are 
appreciably soluble in water, and therefore likely to be 
estimated as caustit alkali if present. Fifty c.c. of a 
I per cent, solution of the soap (or soda) are treated 
with a 10 per cent, solution of barium chloride, using a 
slight excess above that required for complete precipi¬ 
tation. The mixture is treated'with its ovn> volume of 
95 per cent, alcohol, allowed to stand for some time, and 
filtered ; an aliquot jwrtion of the filtrate is titrated at 
the boiling point with twentieth nornfal sulphuric acid, 
using turmeric as indicator. Reasonable precautions 
should, of course, be taken to prevent undue exposure 
to the air in order to avoid the absorption of carbon 
dioxide. ^ 

It will readily be understood that the determination 
of free caustic alkali is an operation of some importance 
in soap analysis, owing to the unpleasant effect of caustic 
soap on the skin, and the destructive effect of an exces¬ 
sively caustic soap on textiles. The U.S.A. Bureau of. 
Standards * lays down m^ima of o-i per cent, of free 
alkali as NaOH for toilet soaps, 0-5 as NaOH for lai^dry 
and salt water soaps, and 0-05 as KOH for liquid soaps. 

{fj Alkaline Carbonate, Silicate, etc .—The rfjsidue in¬ 
soluble in alcohol, left on the filter contains an^ car¬ 
bonate, silicate, borate, aluminate, etc.^ together with 
other insoluble m'aterial such as starch, sawdust, sand, 
pumice, chalk, insoluble colouring matter, etc., which 
may have been present fti the soap. The alkaline 

•Ball. Soc. Chim., 1914, 15, 200. abs. AniiiYst,ngt4, 224. 

•See footnote, p. 176. 
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aarbonate, silicate, borate or aluminaft is separated from 
the total residue insolubleiin alcohol by extracting with 
cold water and likenng. One half of the filtrate may 
then be titrated witl\ deci-norraal sulphuric ficid in pres¬ 
ence of methyl orange as indicator, in order to find the 
ajnount of soda present, while th£_other half m».y be 
evaporated to dryness and the nature of the alkaline 
material determined by examining the residue by the 

usual methods. For the determination of boric acid, 

• • 

see p. 414..* , 

In a good toilet soap, the amount ofclkaline carbonate 
should not exceed | per cent. In laundry, scouring and 
marine soaps, the addition of larger amounts of alkaline 
carbonate or silicate may be quite permissible. 

The U.S.A. Bureau of Standards lays down the follow¬ 
ing maxima for the percentages of^alkali as alkaline 
salts (NajCO,): Toilet fcaps, 0-3, not .more than half 
of which shall be silicate ; white floating soaps, 0-5; 
liquid soaps, 0-3 (as KjCOj); special laundry soap (for 
use with soft water), i; ordinary laundry soaps (for 
use with moderately hard water), not less than 2 or 
more than 6, of which not more than half shall consist 
of sodium silicate ; chip soaps Jfor use with soft water 
in hjgh-grade laundry work), 0-5. The variation of the 
permissible amount of alkaline salts, according to the 
nature of the water, wiU readily be understood. 

(AJ Insoluble Residue from (j).—The residue left on the 
filter after exttacting the alkaline material with water, 
may be ^ned, weighed and further examined. The sub¬ 
stances inentioned above (p. 175) will readily be recog¬ 
nised by the usual tests, ^ well as their appearance. 
Microscopic ^examination may be useful here in recog¬ 
nising, for example, starch (see p; 305), kieselguhr (dia- 
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tomitef, fuller’s eafth, sawdust, etc. The U.S.A. Bureau 
of Standards limit for insoluble matter is 0'5 per pent, 
for ordinary laundry soap, and o-i per cent, for-other 
soaps. * , 

Toid Alkali and Nature of the Same .—By titrating an 
aqueous solution of*a known weight of the soap witji 
standard acid, using methyl orange as indicator, the 
total alkali present in the soap may be found. This 
should agree with the sum of the determinations of 
alkali as (i) free hydroxide, (2) free carbonate or silicate 
borate, etc., and (g) combined as soap with fatty or rosin 
acids. 

If it is desired to determine the nature of the alkali, 
whether soda or potash or a mixture of these, the 
alcoholic soap solution neutralised to methyl orange 
from operation is treated with baryta solution until 
alkaline to phejiol phthalein, Snd barium chloride solu¬ 
tion is added as long as precipitation occurs. After 
filtering, the solution is evaporated to dryness, and the 
residue examined qualitatively or quantitatively for 
sodium or potassium by aojy of the, usual methods 
described in the text-books on qualitative and quanti-« 
tative inorganic analysis. , 

(/) Detection and Estimation of Rosin Acids .—^^dsin 
acids may be detected by the Liebermann Storch reaction 
as follows: A small portion of the acids, precipitated and 
separated as described under (e) ^ dissolved in acetic 
anhydride at a gentle heat, and the solittion allowed to 
cool. Sulphuric acid of specific gravity i'534, prepared 
by adding 347 of the concentrated add to 3^-5 e.c. of 
water, is very carefully added when, in the presence of 
rosin adds, a reddish violet coloration will be developed. 
If the add is not added with sufficient care, the mixtore 
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Mill become too warm, with the result that the colora¬ 
tion ynll not be observed, "a brownish-yellow coloration 
being developed at»once. Lcwkowitsch points out that 
cholesterol gives a similar reaction to that obtained vrith 
rosin acids, and recommends that if the presence of this 
substance is suspected, it should be Removed by extract¬ 
ing the aqueous soap solution with ether before liberating 
the acids for the test. As has been pointed out in the 
previous chapter on the fatty oils and fats, cholesterol 
is the principal unsaponifiable constituent of the animal 
fats. Wool fat contains much cholesterol. 

For the estimation, the mixture of fatty and rosin 
acids isolated as described under (c), may be used, or a 
larger quantity may be prepared (see (m)). The method 
of Twitchell depends on the fact that while the fatty 
acids are cstcrified on treatment with .hydrogen chloride 
in alcoholic solution, the fosin acids are unchanged, and 
may be estimated by titration with standard alkali 
solution in presence of phenol phthsilcin as indicator. 

Two to three gfams of the mixed fatty and rosin acids 
are dissolved in 4 cn times, their volume of alcohol, in a 
• flask, and dry hydrogen cUoride gas is bubbled through 
the sblution until no further absorption takes place. 
The process will be complete in about forty-five minutes, 
when the ethyl esters of the fatty acids will have sepa¬ 
rated as an oily layer floating on the alcohol. The liquid 
is now diluted with hve times its volume of water and 
boiled till the atid solution is clear, the esters containing 
the rosin acids in solution floating on the top. A little 
pumice oitporous tile may be used to prevent bumping. 
The whole is transferred to a separating fuimei by means 
of ether, and-the ethereal layer is washed with water till 
all the mineral acid has been extracted from it; this 
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will be accomplished when the aqueous layer no longer' 
reacts acid towards methyl oratige.^or gives a precipitate 
or op)alescence .with silver nitrate solution in preseitce of 
nitric acid. , The ethereal layer is now transferred to a 
flask, 50 c.c. of alcohol, neutralised towards phenol 
phthalein, are added* and the mixture is titrated with 
standard sodium hydroxide solution, using phenol 
phthalein as indicator. The titration should not be 
unduly prolonged, or partial h^djolysis of the esters 
by excess of alkali may take place. From the number 
of cubic centimettes of alkali solution required for 
neutralisation, the amount of the rosin acids may be 
calculated, assuming their combining weight to be 346. 

Wolff and Scholtze * consider Twitchell's method in¬ 
accurate and recommend in its place the following 
method by which the fatty acids are esterified by methyl 
alcohol in presence of sulphuric acid. The method pre¬ 
scribed by the U.S.A. Bureau of Standards is practically 
identical with the exceptions that ethyl alcohol is used 
instead of methyl alcohol, and that the mixture is boiled 
for four instead of two minuter 
Two to five grams of the mixed fatty and roan acids 
arc dissolved in 10 to 20^.c»of absolute methyl alc(^ol, 
and 5 to 10 c.c. of a solution of one part of sulpharic 
acid in four parts of methyl alcohol are added; the 
mixture is boiled for two minutes under a reflux i^- 
denser, mixed with 5 to 10 times iU volume of 10 per 
cent, sodium chloride solution, and extracted several 
times with ether. The united ethereal extracts are 
washed with sodium chloride,solution, alcohol if added, 
and the rosin acids are titrated with half nbrmal alco¬ 
holic potash. Wolff and Scholtze make a deduction of 
* Cbem. Zdt., 1914,38,369 and 382, abs. Analyst, 1914.228. 
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ij per cent, from the percentage of r6sin adds found to 
allov^ for the fatty ad^ that have escaped esterification. 

As mentioned above, rosin should only.be present in 
the cheaper grades of soap ; a good laund^'soap should 
only contain about 20 per cent, of rosin acids. The 
U.S.A. Bureau oi Standards specifications allow 15 per 
cent, of rosin in special laundry soap, and 25 per cent, 
in ordinary laundry soap. 

(*«) Nature of the Acids .—^The following methods 

are given* by the U.S.A. Bureau of Standards 
(footnote, p. 176), for the separation of the fatty or 
fatty and rosin acids: Toilet, Floating or Salt Water 
Soaps are dealt with by treating a solution of 50 grams 
of the sample in 300 c.c. of hot water with 150 c.c. of 
approximately twice normal sulphuric acid, cooling and 
shaking out with 120 c.c. of ether ; yie ethereal extract 
is washed with strong "sodium chloride solution until 
mineral add (tested for in the filtrate by methyl orange) 
has been eliminated, shaken with 20 to 30 grams of 
anhydrous sodifim sulphate and allowed to stand till 
dear, and evaporated in a current of dry air below so”. 

' Laundry Soaps are dealt with by heating a solution of 
50 ^ams of the soap in joo c.c. of hot water with 
10c c.c. of 30 per cent, sulphuric add and washing 
the resulting dear layer of fatty and rosin adds with 
hpt water, filtering through a hot-water funnel and 
drying for twenty minutes at 100°. 

The most important constants to be determined on 
the fatty adds are the solidifying point (see pp. 120 and 
193) and the neutralisation value (see p. 193), which is 
worked out on the same basis as the add and saponi¬ 
fication values of fats (see pp. 138 and 131), and is mdnly 
influenced by the presence of the adds of comparatively 
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low moltecular weight derived from coconut and palm, 
kernel oils, which will also be ipdicated by the operation 
described under («). Fryer* recoftmifnds the applica¬ 
tion of the ita'ndard Polenske process (see p. 134) for 
the determiflation of the acids of coconut and palm 
kernel^ oils, saponifykig and treating 5 grams of the 
acids in the same manner as recommended for fats.* 
He finds values of 17-3 and 10-5 for the insoluble acids 
of coconut and palm kernel soaps respectively. 

In the majority of cases an ekdet determination of 
the origin of the .fatty acids may be impracticable, 
especially when matters are complicated by the presence 
of rosin or the possible presence of acids derived from 
hardened oils. By the methods given above, however, 
a soap may be classified to a certain extent. The follow¬ 
ing requirements under the U.S.A. Bureau of Standards 
specification will give some idea of the results to be 
expected from various kinds of soap :— 



Solulifjing Point 

• 

Neutralisation 


(Titerjcst.) 

^alue of Acids. 

Milled soaps 

Not jmder 37° 

203 to 212 • 

MTiite floating soap . 

Not under 35° 

Not under 2^2 

Spedal laundry soap . 

Not under 35° 

— 

Ordinary laundry soap 

Not under 33° 

• 

Salt water soap . ■ 

• 

Not under 256 

• 


Generally speaking, the higher the titer test, th| harder 
the soap. The table on p. ..196 gives some constants 
of the fatty adds for comparison. 

‘ J.S.C.I., 191B, 37, 262 X. 


A. I. A. 
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. («) Origin of the Fatty Acids .—It 'will not Often be 
necessary to determine tlje nature of the fat from which 
the is derive^. 'As mentioned above, if an appreci¬ 
able quantity of soluble fatty acids is foimtl by the pro¬ 
cess described under («), the soap probably contains fatty 
acids derived from coconut or palm kernel oils. In 
some cases it may be possible to determine the origin of 
the fatty acids by determining such constants as the 
solidifying point (titer test), saponification value, iodine 
value and.specific gfaVity, as described in Chapter III. 

The Results of the Analysis .—^The accompanying table 
contains typical analyses of various grades of soap, most 
of which are by C. Hope. As a rule, the most important 
of the determinations described above are those of water, 
alkali combined as soap, to be calculated as NajO, free 
caustic alkali as NaOH (or KOH), sodium (or potassium) 
carbonate, water insoluble matenal^ fillers or 
adulterants (see under {k)), fatty acids, calculated as 
anhydrides, and rosin acids. 


The Determination of Phenols and Neutral 
Hydrocarbons in Carbolic Soaps. 

The following method ior the analysis of carbolic 
soaps is due to Allen : Five grams of the sample are dis¬ 
solved in warm water, and 30 c.c. of a 10 per cent, 
solution of sodium hydroxide arj added. The alkaline 
solution is transfefred to a separating funnel and ex¬ 
tracted with ether. The ethereal solution is evaporated 
in a t^ed flask on the water bath, and the residue 
weighed ; this residue, which will consist of neutral oils 
of tar or other substances of a like nature which may 
have been added to the soap, may be appreciably volatile 
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at 100°, m wiucn case it will be difficult to get an accurate* 
estimate of its amount. 

Regarding the ether extraction, it iday be pointed out 
that unless large excess of caustie soda is used, some 
of the phenols may ^ extracted from the solution of 
their sodium salts owing to their weakly acidic nature 
and the consequent liability of their salts to be hydro¬ 
lysed (cf. p. 90). Troublesome emulsions during the 
extraction may be avoided to somg extent by not shaking 
too violently, and, if necessary, alcohol in aihounts up 
to one-fifth of the Total volume may be added to break 
them down. If it is desired to get an accurate estimate 
of the neutral oils, the united ether extracts should be 
washed with water to remove the soap dissolved by the 
ether, and the residue should be dried by heating the 
containing flask to« 50° while passing a current of dry 
air through it. • 

The alkaline liquid which has been separated from the 
ether is transferred to a more capacious separating funnel 
and treated with an excess of saturated brine, which will 
precipitate the soaps while the phenols flemain in solu¬ 
tion. After agitating to coagulate the soap, the liquid 
is filtered; in case the s()ap*should not coagulate easily, 
the addition of a little tallow or palm oil soap dissolved 
in water will often facilitate the separation. The pre¬ 
cipitated soap is washed twice with strong bribe, and 
the washings are added to the main filtrate, which is 
then dilated to i litre. 100 c.c. of this solution, which 
will be equivalent to 0-5 gram of soap, are plated in a 
500 cx. stoppered bottle an^ acidulated with sulphuric' 
acid, when it should remain perfectly clear ;* if precipi¬ 
tation occurs at this stage, the fatty acids wBl not have 
been completely removed. In such cases 200 c.c. of the 
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alkalin^ liquid should be taken, and powdered salt dis* 
solved in it to saturation ; the solution thus obtained 
should then bq filtered through a dry filter, and loo c.c. 
of the filtralc acidified as before. ,The phenol is then 
determined by titration with standard bromine water 
(see below), which is'run in from a burette, the stoppgf 
of the bottle being replaced and the contents agitated 
after each addition. The end point is reached when the 
solution acquires a permanent faint yellow tint. If 
crystallised phenol, has been introduced inft» the soap 
the precipitated tribromophenol will be precipitated in 
snow-white flocks which allow the faintest tint owing to 
excc-ss of bromine to be observed qiiite readily. If, on 
the other hand, cresylic acid {».<•., the cresols) has been 
added, the precipitate will be milky and will not se{)arate 
well from the liquid, though the end point can still be 
observed. The«addition to th*e original solution of a 
known amount of pure phenol may cause the precipitate 
to coagulate, in which case the yellow colour due to 
excess of bromine will be more easily sceft. This addition 
must, of course, be allowed fqr in calcukting the result 
of the analysis. 

The bromine solution which is used for the litrition 
is conveniently prepared by mixing in a stoppered battle 
one measure of saturated bromine water with two 
measures of water. The resulting solution, which, is 
approximately of i per cent, strength, should be stand¬ 
ardised iqimediatel^ after use by means *of a standard 
solution of phenol of the quality indicated by tha analysis 
to be present in the sample.^ The phenol solution may 
be made by dissolving 0-5 gram of the phenol (usually 
either Calvert’s No. 2 or No. 5 carbolic acid) in 20 c.c. 
of a 10 per cent, solution of sodium hydroxide with 
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S grams of a non-phenolic soap. The solution'"is pre¬ 
cipitated with brine in tl^e same way as the solution of 
the sample undei; e:famination, the filtrate diluted to 
I litre, and 100 c.c. acidulated with sulpWric acid and 
titrated with the bromine water. 

Carbolic soaps are often sold asf containing 20,or 30 
per cent, of carbolic acid; they may contain anything 
from I to 30 per cent, of phenol, derived either from 
pure crystallised phenol or the common cresylic acids. 
According, 4 o Allen,' the proportion of phenol found 
is occasionally less than that stated ,to be present, the 
difference probably being due to loss by evaporation. 


Phenolic Disinfectants containing Soap. 

The preparations to be dealt with^under this heading 
consist of creosote oil ot coal tar phenc^, chiefly cresols 
(cresylic acid), to which soap has been added in order 
to form an emulsion or a homogeneous product which 
shall be readily* miscible with water. As examples we 
may take the preparations known as creoline and lysol. 
The former consists of creosote oil and an aqueous 
solution of soda rosin soap, which have been mixed to 
forjn an emulsion. Being made from the crude creosote 
oil, it may contain some 40 to 60 per cent, of neutral 
hydrocarbons and about 10 to 20 per cent, of cresylic 
acicl; the better the quality, the less of the former and 
the more of the latter will it contain, Creoline should 
form a permanent emulsion when mixed with water in the 
proportion of i to 40, the greater part of the cresylic 
acid dissolving as such, or as sodium salts, and the neutral 
hydrocarbons remaining suspended in the form of minute 
globules owing to the emulsifying action of the soap. 



Lysol and sapocarfiol, on the other hand, are prepared- 
by mixing cresylic acid contaitung relatively ^all 
amounts of hydrocarbons, with rosin er a fatty oil* such 
as linseed oif, and saponifying the ro|in or oil by treating 
the mixture with absolution of potash in water and 
alcohol. The viscous brown transparent liquid thug 
obtained is readily soluble in water. L5rsol should con¬ 
tain at least 40 to 50 per cent, of phenols, and at most 
only about 3 or 4 per cent, of hydrocarbons, in order 
that it may dissolve in water as completely possible. 

Besides the products just described, there are a number 
of other similar preparations on the market containing 
varying proportions of cresylic acid, soap and hydro¬ 
carbons. Among these may be mentioned sanatol, 
saprol, solutol and salveol. Many sheep dips are dmilar 
in composition toJ;he above, and may be'analysed by 
the methods given below. The latter preparations some¬ 
times contain sodium arsenate or so(£um carbonate in 
addition to or in place of the soap. 

Concerning the antiseptic values oflhe various con¬ 
stituents of the coal tar oils, sje p. 92. • 

The Analysis of Creoline, Lysol, Sheep Dips, etc .—^The 
estimation of neutral oilj ofiar, coal tar phenols, pyildine 
bases and fatty or rosin acids may be carried out as 
follows: 200 grams of the sample are made distinctly 
acid by the addition of sulphuric acid (i to,2), mi 
agitated with ether in a separating fijnnel; after separat¬ 
ing, the aqueous layer is again extradled with two 
successive portions of ether. If sufficient coal^ar ml is 
present to dissolve the phenols and fatty or rrfln acids, 
the addition of ether may *be omitted. The pyridine 
bases may be estimated in the add liquid, asidescribed in 
Chapter II., under the " Testing of Creosoting Liquor." 
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The phenol and cresols may conveniently be separated 
fronjthe fatty or rosin acids by the method recommended 
by Fox and Barker.^ The mixture is distijlcd in a Wiirtz 
flask up to 220°, wjfen all the phenol and‘most of the 
cresols distil over together with some or all of the tar 
9ils, the fatty acids being left behind practically un¬ 
changed. The phenols and neutral oils which have dis¬ 
tilled may then be estimated by the methods described 
for creosoting liquor on p. 95 et seq. 

Soda or potash may te estimated by burning off about 
5 grams of the original sample in a platinum crucible or 
dish, treating the residue with successive small portions 
of concentrated sulphuric acid, and weighing the ignited 
sodium or potassium sulphate in the usual manner. 
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CHAPTER V 


PETROLEUM AND ITS DISTILLATION PRODUCTS—LUBRI¬ 
CATING OILS 

Introductory 

The petroleums, or mineral oils, are usually more or 
less viscous, dark brown or black fluids having specific 
gravities lying between 073 and o-gy. Chemically, they 
consist of complex mixtures of hydrocarbons together 
with smaller quantities of oxygen, niirogen and sulphur 
compounds; the nature* of the hydrocarbons varies with 
the locality from which the petroleum is obtained, and, 
to a smaller extent, with the age of the well. Most 
petroleums distil over a wide ratnge of temperature and 
yield a varietj’ of important products such as motor 
spirit, burning oil, lubricating oil, etc., while the residues 
which remain after distilling o^ the more volatile por- 
tioES have in recent years found a most important use 
as fuel for internal combustion engines. 

(Composition of the Petroleums .—^As examples, we may 
take the petroleuna of Pennsylvania, U.S.A., and the 
Caucasus, which together constitute^ by far the greater 
part of the world’s supply of this commodity. 

Pennsylvania petroleum, which usually has a specific 
gravity lying between o-So and 0-87, consists chiefly of 
paraffins fitim pentane CiHy (b.p. 38°) up to the solid 
CiiHm ; higher members of the series, such as 
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and C|,|llg2, are alsft known to be present. The portions, 
boiling above 200° probably contain olefines in addjtion 
to the paraffins; as is also the case with the other petro¬ 
leums, man;f of the higher boiling constituents are of un¬ 
known constitution. Aromatic hydrqcarbons are present 
only in small amount. Pennsylvania petroleum is accon^ 
panicd by hydrogen and the members of the paraffin 
series which are gaseous at the ordinary temperature. 

Caucasian petroleum has a higher specific gravity than 
Pennsylvania petrojeum, usually‘from o-88 to o-94, and 
differs widely from the latter in chemical composition. 
According to Markownikoff, it contains at least 80 per 
cent, of naphthenes, i.e., polymethylenes and their alkyl 
derivatives, among which pentamethylene, hexamethy- 
lene, methyl hexamethylene and other similar compounds 
of known constitution have been recognised. The naph¬ 
thenes resemble,the paraffins ifl being saturated bodies 
which arc not acted on by concentrated sulphuric acid or 
potassium permanganate ; with the halogens and dilute 
nitric acid, they yield .halogen and nttro substitution 
products respectively. In adffition to y>e naphthenes, 
Russian petroleum contains about 10 per cent, of aro¬ 
matic hydrocarbons, and lesj than i per cent, of paraffins. 
The higher boiling fracfions appear to contain unsatu¬ 
rated substances such as olefines and naphthylenes, the 
latter being olefine analogues of the naphthenef. Like 
Pennsylvania oil, Russian oil contaips a number of sub¬ 
stances of unknown constitution, especially in the higher 
boiling fractions. “ . 

From the foregoing it will be gathered that^he two 
classes of petroleums descriBed show important differ¬ 
ences in their behaviour on distillation. Generally speak¬ 
ing, Pennsylvania petroleum distils over a wider range 
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lof temperature, and contains a mucfe larger proportion 
of vplatile matter tlijin Russian petroleum, the residue 
from'the latter being larger in amount and more fluid 
in consistency than ^hat from the former, 'fhe primary 
products of distillation of the petro^leums are as follows : 

Up to 150°, light oils or mineral naphtha, specific 
gravity 0-65 to 0-67, from which are obtained by frac¬ 
tional distillation various mixtures of light hydrocarbons 
which are used as fu^l for motor engines, extraction and 
cleaning pbrposes, and burning naphtha. (2) 150° to 
300°, illuminating oils, such as kerosene or solar oil, 
specific gravity 075 to O'Sy. (3) Residuum, which in 
the case of Russian oils is generally used as fuel, and in 
the case of Pennsylvania oil, distilled under vacuum or 
ordinary pressure for lubricating oils, the residue in the 
latter case being worked up for vasa’ine, solid paraffins 
or paving asphalt. If‘the distillation is carried to a 
finish, the residue consists of a coke-like material which 
may be used as fuel. 

The method of distillation depends on the nature of 
the petroleum and the nature of the products required. 
Russian petroleum is distilled by the continuous process, 
the ‘material passing through 9. series of stills kept at 
progressively increasing temperatures ; the distillate is 
divided into two portions, gasolene and kerosene. The 
forpier is redistilled till the distillate has a specific gravity 
of 0750, and the residue added to the main kerosene 
fraction, which is distilled till the specific gravity of the 
distillate reaches about o-Sas. The total residue, which 
has a ?l)ecific gravity ofo-tp^, if distilled, will yield 
about 10 jJer cent, of solar oil, of specific gravity o-86 
and flash point 105° F., as determined by the Pensky- 
Martens apparatus, and about 3^ percent, of lubricating 
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oils, the*final residue being used as fuel. Conapared with • 
Pennsylvania petroleum, Russian petroleum yields a 
relatively small proportion of light petroleum and burn¬ 
ing oil, the yield of the former, whjfh includes benzine 
of specific gravity aljout 0725, an^ heavy benzine or 
gasolene of specific gravity about 0770, being about 4 
to 6 per cent., and of burning oils, about 27 per cent, of 
kerosene of specific gravity about 0-822 and 5 per cent, 
of solar oil of specific gravity about o-86 to o-88. At 
Baku, about 30 to 40 per cent, is generally distilled off, 
the residue, known as " astatki,” being used as liquid fuel. 

Pennsylvania petroleum cannot be distilled by the 
continuous process, owing to the large amount of burning 
oil which it yields, and the’viscous nature of the residue. 
When submitted to the simple distillation process, it first 
yields gaseous paraffins which are cither burnt as fuel or 
condensed by prsssure and cooled by expansion ; owing 
to the growing scarcity of the lighter pefroleum fractions, 
the latter procedure has become more common in recent 
years ; the gasoline is formed by the corfdensation of the 
heavier hydrocarbons of the ga^ while sorje of the lighter 
gaseous constituents dissolve in the liquid. Cymogene, ■ 
b.p. 0°, and rhigolene, l^.p. j8°, are used in surger^ for 
freezing. The light petroleum or petroleum naphtha- 
fraction is taken till the specific gravity of the distillate 
reaches 0-725 to 0-750 ; it includes gasoline, .specific 
gravity 0-625, petroleum ether, spqpific gravity o-Sfis, 
naphtha, specific fjravity 0-676, and benline,* specific 

' Distinction must be made between benzine, which i^btained 
from petrokum or mineral naphtha, and benzene, theearomatic 
hydrocarbon obtained from bed^l. the distillatiop product of 
coal tar naphtha. The terms petroleum spirit and light petroleum 
arc also used to designate the more volatile distilla^on products 
of petroleum naphtha. * 
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•gravity 0736, these amounting to 9 to 18 per cent. of the 
total. The kerosene, fraction is taken until the specific 
gravity of the distillate reaches 0-840 to 0-845, the 
average yield of burning oils being about 55 per cent. 
The residue is transferred to other,stills and distilled for 
lubricating oils, the average yield of the latter, if dis¬ 
tilled under ordinary pressure, being about 17 per cent. 
The solid paraffin amounts to about 2 per cent., and 
coke residue about,40 per cent. Distillation of the 
residue bjl the vacuum process gives a much larger 
yield of lubricating oils and vaseline." 

Lighter oils may be produced from heavier oils by a 
process of destructive distillation known as “ cracking.” 
The vapours of the oil are allowed to condense on the 
walls' of the still, and on falling back into the hot residue 
they are decomposed. The nature of the products 
depends on the temperature, pressure,* and the relative 
volumes of liquid and gas in the retort. At the highest 
temperatures gas and coke are obtained. In order to 
obtain a maximum yield of petrol-like products which 
are nowadays in great demand, it is necessary to use low 
temperatures and high pressures. Certain substances, 
such as colloidal graphite,-appear to have a catalytic 
acrion furthering decomposition, and their use admits of 
lower temperatures being employed. If the volume of the 
liqpid is about one-third to one-half of that of the gas 
or vapour in the retort, and the pressure 50 to 60 kg. 
per sq. cm., a 50 to 70 per cent, yield is obtained of a 
product which is usable as petrol and has a specific 
gravity' of 0-700 to 0-710,^ together with gas and coke. 
Benzene atid toluene are among the products obtain¬ 
able : the»experience of recent years has shown that 
benzol forms an efficient substitute for petrol. This is 
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a point* of impoitimce, as the demand for petrol has* 
increased enormously, especially since the development 
ofairaaft. (See also p. 39.) • * . 

Regarding Ae petroleums from other parts of the 
world, the (Jalician and Roumanian oils are intermediate 
betwfefen the Pennsylvania oils on the one hand, and the 
Russian oils on the other, in respect to chemical com¬ 
position and general properties. The specific gravity 
of these oils is usually about 0'870. The petroleums 
obtained from Germany and OhiS,‘U.S.A., also contain 
both paraffins and, naphthenes. Californian petroleum 
contains only a small percentage of low boiling con¬ 
stituents : it contains no paraffins, but naphthenes and 
aromatic hydrocarbons, the latter often being present 
in considerable amount. Appreciable quantities of 
oxygen and nitrogen compounds are also present. 
Texan petroleun^does not, as atule, commence to distil 
below 240°, and consists chiefly of unSatnrated hydro¬ 
carbons of high molecular weight. Canadian petroleum 
contains paraffins and olefines, more aromatic hydro¬ 
carbons and less light paraffins than Pepnsylvania oil. 
Indian petroleum consists chiefly of naphthenes, with 
some benzenoid hydrocarbons. 

In 1914 the United States produced about two-thijds 
of the world’s supply of petroleum, Russia about 16 per 
cent., Mexico 6 per cent., Roumania 3 per ceqjt., and 
other countries percentages varying from one-half to 
two and a half. The greater part of the s^rld's supply 
of burning oil and light petroleum, or benzine, is q^tained 
from the American, and some of the Roumanian and 
Galician oils. The lubricatirtg oils obtained irom these 
are generally heavier, more viscous and of higher solidi 
fying point than those obtained from the Russian oils 
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Oils for lubricating steam cylinders, ^hich require to be 
fairly thick and viscous#on account of the relatively 
high temperatures at which they are used, are therefore 
obtained best from^ the American petrole&ms. Crude 
petroleums containing little or no volatile hydrocarbons 
coming under the heading of light petroleum or burning 
oils, will, no doubt, find increasing use as liquid fuel for 
internal combustion engines of the Diesel type, the only 
preparation necessary being the removal of water and 
solid matter by the settling out prqcess to which crude 
oils arc generally subjected. The use of Russian 
petroleum residue as liquid fuel has already been 
alluded to. 

The various fractions obtained by the distillation of 
crudd petroleum are refined, where necessary, by treat¬ 
ment with limited quantities of concentrated sulphuric 
acid, and subsequent rtfashing with dilute caustic soda 
solution and water. Impurities which colour the oil and 
give it an objectionable odour are thus removed. If 
sulphur comporftids are present in appreciable quantity, 
they are removed generally by treatment with lead or 
copper oxide; either the fractions are redistilled over 
the'metallic oxide, or the vapours are allowed to pass 
over it. In Canada, burning oils are desulphurised by 
treatment with a solution of litharge in caustic soda 
solution. 

The Examination of Crude Petroleum. 

Owing to the complex nature of crude petroleums, 
these are#but rarely examined by purely chemical 
methods ip technical laboratories. By means of the 
distillation test, described below, the nature and 
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amount the distfllate to be expected may be deter¬ 
mined, and the oil may be rougMy dassifled. The spetific 
gravity may alw be used to help in*cla»silying and com¬ 
paring petroleums. The determination of extraneous 
matter,water and sediment, will.also be described. 

WaMr .—A weighed quantity of the oil, about loo to 
200 grams, is mixed with about a third of its bulk of 
toluene, and distilled from a flask heated in an oil bath ; 
the distillate is collected in a graduated cylinder. The 
distillation is stopped when no more water is seen to 
come over, and the vessel containing the distillate is 
wanned and gently shaken so that the water adhering 
to the sides falls to the bottom. The volume of the 
layer of water at the bottom of the cylinder is read off 
after cooling. * 

The water may ^so be distilled off for measurement 
without the addition of toluend. Shewsbury* recom¬ 
mends the following method : A 500 c.c. distilling flask 
is fixed so that the side tube is at right angles to the 
bench and inserted into 25 c.c. cylinder graduated in 
tenths or fiftlis, the bore jaf which is not,much greater 
than the diameter of the side tube. The cylinder stands 
almost completely immersed^n a vessel which is codled 
by running water. 100 c.c. of the oil, or a voluijie 
equivalent to 100 grams, is placed in the flask with a 
few pieces of dry pumice. The surface of th» flasjc 
uncovered by the oil is first heated by a Bunsen flame 
which is kept in constant motion, the heating being 
continued downwards from above, occasionally Iteating 
bdow the surface of the oil. The process is finiAed by 
distilling a few c.c. of the oil’itself, taking cure not to 

'Analyst, 1914, 529; see also Allen and Jacobi, Technical 
Vapa, 25, U.S.A. Dept, ot Interior, Bureau of Mines, 1912. 

A. 1 A 14 
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allow any condensed drops to roll bdck into the hot oil, 
and,to keep the bottom »f the side tube above the level 
of the distillate. -The cylinder is finally rotated in order 
to assist the settliijg out of the water, and petroleum 
ether may be added to accelerate this process. The 
percentage of water is read off when no further increase 
in volume occurs. 

Other methods have been based on the measurement 
of the volume of gas evolved by the action of calcium 
carbide of sodium. Calcium carbide gives low results 
owing to the solubility of acetylene, in the oil. 

Sediment .—5 to 10 grams of the oil are well mixed 
with loo to 500 grams of benzene and allowed to stand 
overnight ; the benzene and petroleum mixture is then 
filtered through a weighed filter, and the insoluble residue 
washed with benzene, dried at ioo°,and weighed. The 
sediment estimated will consist of migeral matter, and 
will not include'any solid pitch or asphalt which may 
exist in the oil, these being soluble in benzene. 

Specific Gravity .—If the oil is not too tliick, a hydro¬ 
meter may b», used. TJie oil is poured into a cylinder 
of suitable size and allowed to stand for some time to 
acquire the room temperature. The float is allowed to 
sink gradually into the oil, and its level read after fifteen 
minutes, the reading corresponding with the level of the 
liquid .being taken. In the case of dark oils, the level 
to which the oil rises up the stem of the float is read off, 
and o'oois or o-ooio is added to the reading, according 
as the paper scale is shorter or longer than 16 cm. The 
temperature may be read off from the thermometer on 
the float, or, failing this, the room temperature may be 
taken. Itr order to reduce the reading to 15°, a correction 
of 0-00065 per degree Centigrade may be applied. 
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If thS spe(^c ghivity bottle is used, and the oil is* 
thick, the bottle should first be nearly filled with th,e oil 
and allowed to stand in a warm place overnight, in order 
that all air •bubbles may rise to the top. The bottle 
and its confcnts are then cooled to by allowing to 
stand in a water bath at that temperature, filled up and 
weighed in the usual way. 

Distillation Test,—The test to be described is originally 
due to Engler, certain modifications having been intro¬ 
duced by Ubbeloh^c. The method is empirical, but 
gives uniform results if the prescribed dimensions of the 
apparatus and conditions of distillation .are adliered to. 

If the oil contains much water, it should first be dehy¬ 
drated by means of calcium chloride, to avoid frothing 
in the distillation, loo c.c. of the oil are distilled*from 
a flask of the form jnd dimensions shown in Fig. 15. A 
Liebig condcnsei; may be used,* and the fractions are 
collected so that they may be weighed or measured. 
The distillation should be carried out so that the dis¬ 
tillate collects at a unifomi rate of two dfops per second. 

At first the flask should be heated on wire gauze, and 
subsequently a free flame may be used. The first, or ■ 
naphtha fraction, is collected until the temperafure 
indicated by the thermometer is 150° ; the receiver,is 
then changed for the kerosene fraction, which is collected 
between 150° and 300°. In the case of Russia an^ 
Galician oils, the kerosene fraction should only be col¬ 
lected up to 285° and 275° respectively, the bils obtained 
at higher temperatures from these petroleums being 
unsuitable for burning in lamps as they cause eAessive 
charring of the wick. What remains in the flask after 
distilling off the kerosene is weighed as residuum. If 
deflred, separate fractions may be taken at more frequent 
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intervals, say, every 25°; this is, however, only advis¬ 
able* if the yield of ^stillate is large. If the oil only 
yields very little'distillate up to 300°, larger flask. 



Fio. 1^.—Petroleu© Distillation Flaslc according to Engler. 

^ Dimensions in cm. 

say of I4d c.c. capacity, "must be used, or the quantity 
of oil tak«i must be reduced to 80 or 90 c.c.; the heated 
will otherwise' expand so ai to fill the flask to such 
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an extent mat it may oe carried over mechanically 
during the distillation. The sam^ precautions must be 
taken if the jnaterial under examination consists of 
petroleum tesidue. , 

Various petroleun\? of known origin should be com¬ 
pared by this method. Petroleum is examined for excise 
purposes in specially constructed metal stills of standard 
dimensions. For a method of examining petroleum for 
technical purposes, duplicating the manufacturing opera¬ 
tions on a small scale, see Holde's work m5ntioned at 
the end of this chapter. 

The following table gives the specific gravities and 
distillation results of some petroleums:— 



• 

Specific 
* gravity. 

Peb-ol 
fracnon 
per cent. 

Kerosene 
fraction 
including 
•up to 

350“. per 

cent. 

• 

Lubri¬ 
cating oil 
fractions 
and 

Residues, 
per cent. 

Pennsylvania 

079—0-82 

10—20 

4 

55—70 

10—20 

Galicia . 

0-82—0-90 

20 

35—50 

30—45 

Ohio . 

o-8o—0-90 

10—20 


35-150 

Baku 

d'83—0'§o 

* 2—10 

25—35 

50—65 

• 


The Examination of Petroleum Naphtha And«s 
Distillation Produche. 

Petroleum naphtha is usually understood to, include 
the portion of tlte distillate from crude petroleum which 
comes over bdow 150°; oii'redistillation, however, it 
is generally found to contain up to 10 per ^t. of oils 
distilling above this temperature. .Motor spirit was 
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formerly understood to be derived from the fraction 
distilled up to aboufr 150°, but of later years portions 
from the higher boiling kerosene fraction have been 
included in it owingi to the demand for the lighter spirit 
exceeding the supply. Petrol products consist chiefly 
of cither naphthenes or paraffins, or mixtures of these 
substances in any proportion. Products obtained by 
crack distillation are characterised by the presence of 
notable aniounts of uneaturated hydrocarbons. 

The various products which art obtained by the 
fractional distillation of petroleum'naphtha are best 
characterised by their specific gravity, which may be 
determined by means of a float or the Westphal balance, 
which is described in Chapter II., p. 50. The results 
may be calculated to 15° C. from the data given in the 

following table, which due to Mcndeleeft:— 

< 

For Specific Gravities from Correction per ° C. 

0700 tp 0720 .. .. 0-000820 

0-720 „ 0-740 .. .. 0-000818 

0-740' „ 0-760 ■ .. .. 0-000800 

0-760 „ 0-780 .. .. 0-000790 

0-780 „ 0-800 1. « .. - 0-000780 

The most important uses of the petroleum naphtha 
cfatillafes are as fuel in internal combustion engines, and 
as solvents for extraction of organic material, as, for 
example, the extraction of fatty oils, and fats from seeds 
and otljbr vegetable products. 

Formerly, petroleum spirit of specific gravity about 
0-680 was used for internal combustion engines, but with 
the rapid development of the motor industry heavier 
grades came to be used, and this tendency was accentu- 
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ated during the wlr. The specific gravities of Nos. i, 
2, and 3 war spirits are aboitf 0725, 0730, and 0740 
respectively. " Bus spirit,” whicli is useful onW for 
heavier vehicles, has a specific gravity of 0765 or even 
higher. The specific gravity is no^ absolute criterion 
taken by itself, for a normal average specific gravity 
would be shown by a mixture of light and heavy petrol 
fractions, while the presence of benzol, either natural or 
added, would materially raise the specific gravity (see 
p. 55), and a mi\ture of this ‘description* would be 
decidedly superio&to a purely aliphatic petrol fraction 
of corresponding specific gravity. The presence of 
naphthenes also raises the specific gravity, thus cyclo¬ 
hexane has a specific gravity of 0783. 

Colour and Foreign Matter. —Petroleum spirit oi^petrol 
should be water wjjite and free from objectionable odour. 
Objectionable o^our is sometimis masked by the addition 
of small quantities of turpentine or rOsin oil and treat¬ 
ment with alkali. Water in small amounts is easily seen 
in the sample. Acids^or alkalies or hydrogen sulphide 
may easily be detected in an aqueous gxtract; if sul¬ 
phuric acid should be found it will probably be acid 
which has not been removed after the refining process. 
Sulphur. —Blount' stales that of the methods infuse 
for the determination of sulphur in petrol, the Carius 
method is the only dependable one, and will give good 
results with close and careful work. It must be renfem- 
bered that very high pressure will be developed in the 
sealed tube. According to Blount, the sulphur.^in petrol 
usually amounts to less than o-i per cent. » 

The above directions majT also be used io the exami¬ 
nation of motor benzol (see p. 71). . A jpgh sulphur 

* Analyst, 1918. 43, 89. 
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.content will give rise to corrosion ot the internal parts 
of the engine owing to.the sulphurous acid which is 
formed. ' 

Fractional Distillation Test .—Certain rougt preliminary 
tests have been proposed: for example, a good petrol 
should leave no oily mark when evaporated on filter 
paper, or the time taken for the spontaneous evapora¬ 
tion of 10 c.c. in a porcelain dish may be noted, the 
times varying from under two hours to over four hours. 
For accurate information, however, ihe petrol should be 
fi'actionally distilled. The followir^ method, recom¬ 
mended by Anfilogoff,* resembles those devised by 
Ubbelohde and Holde and by Redwood. loo c.c. of 
the sample are distilled from a 150 c.c. Engler flask 
(see p. 212) connected with a condenser having a 24-inch 
straight glass inner tube and an ig-inch jacket; the 
inlet end of the inner'tube should jyeferably not be 
enlarged. The thermometer, which is preferably not 
calibrated for the first four inches, is not placed in the 
usual position sfliown in Fig. 15, but with the top of 
the bulb half ^n inch below the outlet of the side tube ; 
the readings are thus rendered more independent of the 
effect of slight draughts. .The method further differs 
fro;n that of Ubbelohde and ftolde in that the initial 
boiling point is noted at' the temperature at which the 
first drgp falls firom the thermometer and not from the 
ouflet end of the condenser. Distillation is carried out 
at the rate o<f two drops per second till the bottom of 
the flaslf is dry, the process occupying twenty minutes. 
The results are claimed to be not very divergent firom 
those obtainable with the use of a Young eight pear 
column (see p. 32) and to represent the same per- 


> J.S.C.I., 1918,37. at T. 
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centagK of distillates as are obtainable on a large scale.- 
The volume of distillate obtained^ is usually measured 
every ten degrees, the percentage volume obtained up 
to 100° beipg the most important^ Kissling * recom¬ 
mends for the testing of petrol for ^mall quantities of 
high boiling constituents that the distillation should be 
stopped when 95 per cent, has distilled, and the residue 
be transferred to a clocTc glass and allowed to evaporate 
for five to ten hours at the ordinary temperature. A 
fairly thick oil is obtained firom inferior gradbs of petrol 
by this method. • 

If an unduly large proportion of high boiling con¬ 
stituents are present, the petrol will not evaporate with 
sufficient rapidity on entering the explosion chamber, 
especially in cold weather. It is also obvious that petrol 
spirit which is to be used for extraction purposes must 
not contain high boiling constituents or it will only be 
removed with difficulty from the extracted material. 
Formerly it was considered that a good motor petrol 
should be completely volatile below ido" or only yield 
about 5 per cent, above thij temperature. Require¬ 
ments are less stringent nowadays; for example, Anfilo- 
goff found by his method 41,31, and 21 per cent, volatile 
up to 100° in the cases of Nos. i, 2, and 3 war spirits 
respectively, and 6 and 10 per cent, for bus spirits. 
Under present conditions motor spirit completely.volatile 
firwn 170° to 180° would be considered good. 

Benzol in Rriro/.— Aromatic hydrocarbon* are present as 
natural constituents in many petroleums (see pp. 203 to 
207), and mixtures containing added benzol are likely to 
be met with in future with increasing firequency owing 
. to the recognition of benzol as an effieienttmotor fuel. 

^ Chem. Zdt., 1908, abs. Analyst, 1908, 368. 
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•Aromatic hydrocarbons may be detected by their smell, 
and, their presence i^ay also be indicated by the sample 
having a relatively high specific gravity (see pp. 215 and 
55) and yet giving far better results in tli,e distillation 
test than would be expected fropi a petrol consisting 
only of aliphatic hydrocarbons of the same specific 
gravity. The effect of naphtlienes which are present in 
varying amounts in many petrols is similar (see p. 215, 
and below). 

According to Holde, aromatic hydrocarbons may be 
detected as follows : A small quantity of the petrol is 
treated with a little powdered asphalt (sufficient to 
cover the point of a penknife), whicli has been freed 
firom mineral matter (by solution in benzene and filtra¬ 
tion)* and repeatedly washed with petroleum ether of 
specific gravity 070 to 071 in ordef to free it from its 
more soluble constitue'nts. The petrel containing the 
asphalt is passetf through a small filter into a test tube ; 
if the filtrate is colourless, benzene hydrocarbons are 
absent; if broVn, benzene or toluene are probably 
present. , 

If a few cubic centimetres of light petroleum contain- 
ing'benzene or toluene be shaken in a test tube with a 
mixtine of concentrated nitric and sulphuric acids, the 
mixture will sooner or later become warm, while the 
upjjer layer will develop a yellow coloration ; on pouring 
into water, there will be a separation of yellow, oily 
drops, having the characteristic odour of nitro-benzene. 

Formanek has proposed the use of indanthrene dyes 
which &re soluble in aromatic hydrocarbons but not. in 
aliphatic hydrocarbons, on'the same lines as the asphalt 
test just described: a series of standards of known^ 
composition are made for purposes of comparison. 
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Dragon’s blood may be used in a similar way, shaking* 
up 0-2 gm. ol dragon’s bloed yith 30 c.c. of,the 
sample in a^njall stoppered bottle ; petrol or kerosene 
only become coloured faintly pink^wliile the aromatic 
hydrocarbons take up a deep red colour. These 
colorimetric tests only give very rough indications. 

The estimation of benzene and toluene in petroleum 
or petrol by the sulphonation method (cf. pp. 65 and 66) 
has been carefully studied by Thole,* who recommends 
the use of 98 per cent, sulphuric acid for the feason that 
fuming acid attacks the naphthenes and some of the 
paraffins to a certain extent. As the result of a number 
of experiments, the temperature limits of 40° to 95° 
were fixed on for collecting the fraction in which the 
benzene is to be estimated, and 95° to 122° for the 
toluene fraction. •These " cutting points" were so 
chosen that tha> benzene wliicli is missing firom the 
benzene fraction shall be as nearly as jxissible balanced 
by the amount of toluene which passes over too soon, 
and similarly the amoufit of toluene wluch is missing in 
the toluene fraction is balanced by the benzene and 
xylene which find their way into this fraction. This 
scheme is claimed to bg satisfactory for mixtures Ijon- 
taining up to 30 per cent, of aromatic hydrocarbons. 
The mixtures were distilled thrbugh a five-section Young 
Thomas fractionating column at the rate of ose (^pp 
per second, which is lowered to two drops in three 
seconds when a teinperature within three degrees of the 
cutting point was reached. 

The procedure of directly measuring the nnJttacked 
hydrocarbons (see pp. 65 and 66) was not adopted owing 
to the experimental error to which suth piocesses are 
■ 1919. 38. 39 T. 
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•subject, one disturbing factor beipg the ap'pa-eciable 
solijbility of non-aromaitic hydrocarbons in the acid 
solution of sulphonic acids. The methpd is analogous 
to the one described on p. 63 for the determination of 
carbon disulphide.in benzol. Three volumes of 98 per 
cent, sulphuric acid and one volume of the sample are 
shaken vigorously together in a stoppered 50 c.c. cylinder 
at frequent intervals during half an hour. The mixture 
need not be cooled unless the sample was rich in aromatic 
hydrocarbbns. i.e., containing more than 50 per cent., 
in which case it may also be necessary to separate the 
supernatant spirit and treat it with a fresh quantity of 
acid. The percentages of benzene or toluene are, calcu¬ 
lated from the specific gravities of the spirit before and 
after treatment with sulphuric acid, taken by means of 

a Sprengel pyknometer , 

« 

. . Initial sp. gr. - Firfal sp. gr. 

Aromatic = r- - - - ——— r-—— 

Sp. gr. of aromatic - Final sp. gr. 

The specific gravities used were; benzene, i 5 * 5 °/ 4 °. 
0-884I, tolueqp, 0'87i2. It is not necessary to wait for 
complete separation of the layers, as all that is required 
is a'sample of the supernatant spirit suitable for a specific 
gig-vity determination. It is shown that the error which 
might possibly arise through the naphthenes being more 
rradily, soluble in the sulphonic acid solution than the 
paraffins is comparatively small. Regarding the com¬ 
position of the non-aromatic portion, the specific gravities 
of the 40° to 95“ fractions after treatment with sulphuric 
add varied from 0-688 to 0-722, and the 95° to 122® 
fractions from 0-718 to 0-^47, the lower specific gravities 
indicating the presence of parafilns and the higher ones 
the predominance of naphthenes. 
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It muA be remembered that unsaturated. 
hydrcwarboDS are absorbed by strong or fuming sulphuric 
acid, and complications may thus* be introduced .Into 
the above a&d similar methods. The amounts of ole¬ 
fines contained in straight distilled jfetroleum spirits are 
however generally negligible, but in spirits obtained by 
crack distillation they may be considerable. This point 
is illustrated by the iodine values (sec p. 126) of the 
different products. Thus the iodine values of straight 
distilled petroleum paphthas havS 'been found to range 
between 0 and 7, aad those of cracked products between 
75 and 100 in the case of the light spirit distillates, and 
between 65 and 75 in the case of the illuminating oil 
distillates.^ Small amounts of olefines may easily be 
detected by their action on potassium permanganate. 

Turpentine and ^osin Oils .—Holde recommends the 
following test fo^ small quantities of turpentine or rosin 
oils, either in pure petrol or in petrol containing benzene 
or homologues of the latter. Bromine vapour is allowed 
to flow into a test tube containing a little of the benzine ; 
on shaking the benzine should immediat^y take up the 
red colour of the bromine ; if, however, turpentine or 
rosin oils be present, traces qf added bromine will rapidly 
be absorbed, owing to flie unsaturated nature of these 
substances. This test may, however, be masked by the 

presence of the olefines contained in cracked prjducts. 

•• 

The Examination of Kerosene or Burning Oil. 

Kerosene, or oil for burning in wick lamps, is obtained 
by redistilling the fraction which succeeds the naphtha 
fiaaction in the distillation of crude petrq^eum. The 
‘Xomptee Rendna, 1910, 150,1338. 
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.refining process usually consists in treatment with strong 
sulphuric acid and subsequent washing with dilute alkali 
and'.water, and, wHbre necessary, desulphurisation as 
indicated above. The specific gravity of American kero¬ 
sene usually lies bAween 0790 and o-Soo, and that of 
Russian kerosene between 0-821 and 0-823, the,.latter 
generally being a more homogeneous product than the 
former. A parallel product obtained from shale oil has 
a specific gravity of about 0-800. A good kerosene 
should be water whife', or, at the most, of a light yellow 
colour. Although the degree of colciur of burning oil is 
otten made the basis of commercial transactions, this 
cannot be regarded as giving any real indication as to 
the degree of refinement or the ability of the oil to burn 
free from soot and smell and with a steady flame. Burn¬ 
ing oils may be examined colorimetrically by I.ovibond's 
tintometer, using the coloured glasses specially made for 
the purpose. 

The most important tests to be carried out on burning 
oils are the distillation test, the specific gravity, the 
flash point, an^ the sulphuric acid test for the degree of 
refinement. Impurities such as sulphur and free acid 
should also be tested for. 

Distillation Test .—^This test may be carried out with 
the Engler apparatus, as described above for crude 
petroleum {p. 211). The temperature of the beginning 
of'^the distillation is taken when the first drop of dis¬ 
tillate falls from the end of the condenser. Fractions 
are taken every 50° from 150° to 250°, and then every 
25° up tc 300°. What remains is estimated by difference. 
The end point for each fraction is the point at which 
after cooling at .least 20° and reheating to the highest 
temperature at which the fi-action is to be taken, not 
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more tham six drop#of distillate run from the condenser,, 
the process of cooling and heating being repeated till 
this result is obtained. The voluille of each fractipn is 
measured aflfer‘cooling to the room temperature. 

Distillatiofi should not commenA below iio°, the 
yield Ijelow 150° should be at most’10 per cent., and 
the yield above 300° at most 15 per cent. Better class 
oils yield 85 to 90 per cent, between 150° and 300°, and, 
at most, 5 per cent, above 300°. The higher the per¬ 
centage of light oils, the greater the danger of explosion 
when the oil is bujnt in a lamp, while the higher the 
percentage of high boiling constituents, the more liable 
will the oil be to clog in the wick and cause charring and 
uneven burning. 

Specific Gravity .—^The specific gravity of kerosenw may 
be determined by any of the usual methods, as indicated 
under the heading of petroleum »aphtha. The tempera¬ 
ture correction per ° C. for reducing results to 15°, as 
determined by Mendelfeff, varies firom o'oooygo for 
specific gravities between 0760 and o-;j8o, to 0-000710 
for specific gravities between 0-850 and 0-860. The 
specific gravity is mainly used 'as a test o? identity, and 
is of little use, taken by itself; thus a burning oil might 
very well contain large •proportions both of light and 
heavy oils and yet show a noiynal specific gravity; in 
a case tike this, the inferior quality of the oil would only 
be revealed by the distillation test. ** 

Flash Point .—^The flash point of burning oils is usually 
determined in specially constructed " closed testers,” 
which will be found described in the works of reference 
mentioned at the end of this-chapter. The ojl is gradu¬ 
ally heated while a small flame is brough^nea^its surface 
from time to time; the temperature at which the oil 
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.begins <10 give off sufficient inflammkble vapouf to pro¬ 
duce a flash is taken as the flash point. The test thus 
give^ an indication 6f the degree of safety with which 
the oil may be used in a lamp ; the greater the propor¬ 
tion of lighter constituents, as shown by the distillation 
test, the lower will be the flash point and the greater 
the danger of explosion. In Great Britain and Canada 
the Abel tester has been adopted as the standard instru¬ 
ment, the minimum flash points, as laid down by the 
laws of these countries, being 73° F. and 85° F. respec¬ 
tively. In Germany and Russia, both the Abel and the 
Pensky-Martens instruments are used, the minimum 
flash point allowable being 21° C. (70° F.) in Germany, 
and 28° C. (84-4° F.) in Russia. In the United States 
various standard instruments and minima have been 
adopted in different states. 

Degree of RefiMment.-'-The, following method for deter¬ 
mining the degree of refinement of burning oils by the. 
colour which they impart to concentrated sulphuric acid 
has been recommended by the Baku section of the 
Russian Technical Society. 100 parts by volume of the 
oil are shaken for two minutes in a glass-stoppered 
cylinder, with 40 parts by volume of sulphuric acid of 
specific gravity 173, at a temperature not exceeding 32®. 
The acid is then separated off and transferred to a 
cylinder of white glass, where it may be compared, as 
regards colour, with solutions of Bismarck brown, of 
known strengths, contained in similar cylinders. The 
layers of liquid observed should be of equal depth, and 
the cyknders should be placed on a imiform white sur¬ 
face. Thei test solutions- are prepared as follows : A 
solution cqntaiiung 0-5 gram of the colour per litre is 
first prepared, and from this ten solutirms are made by 
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dilution iwith wate*; tne nrst ana lightest contains i 
pact of the stock solution to 99 parts of water, the 
second, 2 parts to 98 parts of wattr, and so on tg'the 
tenth and d*-khst, which contains 10 parts of the stock 
solution to *90 parts of water. 'Wiese solutions are 
numbered from i to 10, passing frdm the lightest to 
the darkest, and the burning oil is marked according 
to the solution with which the sulphuric acid extract 
most nearly corresponds in tint. 

As most petroleums are found to'come withiij the limits 
of I to 8, the latter*mark is taken to be the maximum 
limit for a marketable product. 

Impurities .—Certain petroleums, notably those from 
Ohio and Canada, contain notable amounts of sulphur 
compounds which it is necessary to remove by special 
processes of refining, as kerosenes containing more than 
the slightest traces^if such impurities will give a notice¬ 
able odour of sulphur dioxide on burning. 

Owing to the relatively small amounts of sulphur 
present, even in the wojst cases, speciai methods must 
be employed for the determination of this constituent. 
One of the methods most conftnonly employed is that 
of Allen, modified by Heussler and Engler, in whiqji a 
known weight of the pefroleum is burnt in a specially 
constructed lamp, and the products of combustion led 
over a solution of potassium hypobromite, which is dis¬ 
tributed over glass beads. The sulphur is then estimaft'd 
as siulphate in this solution. The abov^ method is 
described in most 0/ the works of reference mentioned 
at the end of this chapter. The Carius method niy also 
be used. • , 

According to Holde, a good buming^oil should not 
contain more than 0-02 per cent, of sulphur. 

>5 


A. I. A. 
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Burning oils should be free from mid; about /20 grams 
of the oil dissolved in a neutral mixture of ether and 
alcdjiol containing a*^little phenol phthalein should show 
a permanent pink coloration on the addition of one drop 
of decinormal sodium hydroxide solution. 

AsA may be determined, according to Holde, by the 
following method : 500 c.c. or a litre of the burning oil 
is distilled from a retort until 10 c.c. are left as still 
residue ; the latter is transferred to a platinum dish, by 
the use of light peticleum, evaporated to dryness, and 
the residue incinerated. 

Good burning oils should, according to Holde, contain 
not more than 2 milligrams of ash per litre. 


The Examination of Lubricating Oils. 

Most of the lubricating oils used noVadays are obtained 
from the residue which remains after distilling off the 
naphtha and burning oil from crude petroleum. This 
residue, which Jiy itself boils ajjove 300°, is distilled in 
a current of superheated steam at temperatures vary¬ 
ing from iSo^" to 250°,' whereby various fractions are 
obt^ned which show considerable differences in viscosity 
and flash point. Deodori^tion is effected by blowing 
with air and treatment with strong sulphuric acid, the 
latter process being, as usual, followed by washing with 
ciwstic soda solution and water. Clarification is effected 
by filtering pver fuller’s earth or charcoal. The lighter 
lubricating oils, which vary in colour from light yellow 
to brown, and have specific gravities ranging from 0-895 
to 0-900, are invariably obtained by distillation ; the 
products of higher specific gravities, up to about 0-940, 
may consist either ot" reduced pils,” filtered residues 
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from which the moi% volatile portions have been removed, 
by distillation, or of oils whii;h have been distilled in 
vacuo or in a current of superheated steam. Undistilkd 
products ard generally used in the cheaper grades of 
lubricating oils. 

Cert^iin non-drying or semi-drying fatty oils are used 
as lubricants for delicate machinery, as, for example, 
neat’s foot oil and spermaceti oil, which are, used for 
watches and clocks. Generally, however, when fatty 
oils are used at all^ they are usfd in admixture with 
mineral oils. Such J)lended oils generally contain rape or 
cotton seed oils which have sometimes been blown with 
air at elevated temperatures (see Chapter III., p. 130) 
in order to increase their viscosity. The detection and 
estimation of fatty oils in presence of mineral oils; and 
the reasons for their use, will be treated of below. For 
the present, it may be mentioned that the tendency 
for fatty oils to undergo hydrolysis and decomposition 
under the action of steam is greatly reduced when they 
are mixed with mineral<oils. Rosin, rosin oil, coal tar 
or lignite oils must be considered as adult grants if found 
in lubricating oils purporting to be of superior grade. 
The detection of such constituents will be described 
below. . 

* 'The requirements of a lubricating oil will naturally 
vary to a great extent with the conditions undei; which 
it is to be used. In general, however, it may be staged 
that lubricating oils should be free from ecids, either 
mineral or organic,’which may cause corrosion, of the 
bearings, and also from all materials which m*y give 
rise to the “ gumming ” of thtf oil when spread in a thin 
layer, such as rosin, rosin oil or drying fatty ojjs. Water 
or sediment of any kind should be absent. 
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. Thei*function of a lubricating oil is*to keep twe metallic 
surfaces from actual contact with one another ; for this 
it is»necessary that if should possess a certain " body ” or 
viscosity ; the greater the pressure betwbeft the surfaces, 
the greater the vis*;osity required. On the other hand, 
the higher the viscosity of the oil, the greater its jntemal 
friction ; it is, therefore, always advisable to use an oil 
of the minimum permissible viscosity in order to avoid 
excessive heating of the bearings. The temperature at 
which tha oil is to Utf used must also be taken into con¬ 
sideration thus, the oils employed pr the lubrication of 
steam cylinders are of a thick and syrupy consistency 
at the ordinary temperature, as the viscosity invariably 
decreases with rise of temperature. Fatty oils are some¬ 
times used in cylinder oils, as they lose viscosity with 
rise in temperature to a less degree than the mineral 
oils. Oils wMch are to^be used in refriprating machines, 
or compres.sors,' are quite mobile at the ordinary tem¬ 
perature, as the viscosity will increase on cooling. The 
viscosity of a lubricating oil, aj determined by means of 
a viscometer^ gives an indication of the class of work 
for which it is best suited, though in this case, practical 
experience should be the main guide. The Engler and 
Redwood viscometers are the standard instruments 
adopted for the testing of lubricating oils in Germany 
and the United Kingdom respectively. In the United 
Slates the Sayboldt instrument has been adopted. 

Other physical properties which must be taken into 
account are the setting point and the flash point. The 
deterioination of these, and their significance in special 
cases, will be dealt with below. 

Lubric|ting,oils are classified by Holde as follows;— 

(i) Spindle Oils, for Textile Machinery. Mobile oils 
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to be used under light pressures; viscosity in Engler 
degrees at 20° C., 5 to 12 ; flash point (Pensky), x(Kj^ to 
200° C. 

(2) Comprtssor Oils, or oils for use in refrigerating 
machines. Mobile oils having low Viscosities ; Engler 
degrees at 20° C., 5 to 7. It is important that these oils 
when submitted to the cold test should remain liquid at 
- 20°. The flasli point may be low (Pensky), 170° to 
180°. Compressor oils are often •coloured reddish 
violet. 

(3) Light Engine t)ils, suitable for motors or dynamos. 
These are moderately viscous ; Engler degrees at 20° C., 
13 to 25 ; flash point (Pensky), 170° to 220°. 

(4) Heavy Engine Oils. Engler degrees at 20° Q., 25 
to 45, or in special cases up to 60 ; flash point (Pensky), 
190° to 220°. 

The foregoing t>ils, when viewed in ja test tube, are 
light brownish yellow to brownish red in colour, the 
more expensive grades being light yellow, -The following 
varieties are dark in colour and often opaque. 

(5) Dark Railroad Oils. "Kiese are Classified into 

summer and winter oils. The former show viscosjties 
of 45° to 60° Engler at 2«° C., and the latter 25° to 45°. 
Jhe flash point (Pensky) should be over 140°. Setting 
point, for summer oils, under - 5°, for winter oils, 
under - 20°. (The above requirements for railroad oils 
are based on the climatic conditions of Germany; in 
England it is not necessary to prescribe so low a cold 
test in winter.) i 

(6) Cylinder Oik. These are of a syrupy or sometimes 
even pasty consistency at the ordinary temperature. 
The viscosity at 50° C. is 23° to 45° Engler. Oils for 
superheated steam cylinders have still higher viscosities. 
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30° to'60° Engler at 50° C. The flash point should 

be ojrer 200° and, aocorcfing to the quality, varies from 
220° to 315° ; the better qualities flash above 260°. Low 
volatility is also a»desideratum for cylinder oils; this 
generally follows with a high flash point. Cylinder oils 
which have been filtered over fuller’s earth are of a 
brownish red colour and transparent; the unfiltered oils 
are greenish black and opaque. 

Vi&cosUy.-~By means of 
the visdometers mentioned 
above, the time taken for a 
definite volume of the oil 
(50 c.c.) to flow through an 
orifice of standard siae under 
definite conditions is deter¬ 
mined. As a rule, the efflux 
time is tak'en as being pro¬ 
portional to the viscosity of 
the oil, but as the flow is 
determined by gravity, the 
rate of flow will also be 
governed to some extent by 
the specific gravity of the oil. 5 t is, of course, important 
to work at a definite temperature, and for the sake of 
uniformity and convenience in comparing results, it 
would be desirable if the suggestion of Fryer and Weston 
to make 40^ and 100° the standard temperatures were 
adopted. For heavy oils which are intended for use at 
high teifiiperatures, the determination at 100° is the more 
important, and for lighter oils that at 40° should be 
given chief consideration. Fryer and Weston further 
, propose tliat results should b.e calculated to absolute 
viscosities multiplied by 100, winch can be done if the 
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Fig. 16. 

Redwood’s Viscometer. 
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instrument is calibrated according to Archbutt and* 
Deeley’s method, and to cakulaje the ratio of the 
viscosity at,4Q“ to that at ioo°. the viscosity fatio 
number thus obtained gives an indijation of the loss of 
viscosity with rise of temperature, .which varies with 
differeht oils and is an important factor in practice. 
The methods referred to may be found described in the 
works by Archbutt and Deeley, and Fryer and Weston, 
mentioned at the end of this chaptjr. 

Flash Point. —Th« determination of flash p6int by the 
open test is carried'out as follows: about 50 c.c. of the 
oil to be tested are placed in a porcelain or nickel crucible 
of about 75 c.c. capacity. The crucible is placed in a 
tin of convenient size to protect the surface of the oil 
from draughts, the bottom of which is covered* with 
about half an inch of sand. The tin is heated from 
below, and the temperature of the oil is indicated by a 
thermometer, the bulb of which is immersed in the oil 
without touching the bottom of the crucible. When the 
temperature has been faised to about* 120°, the oil is 
tested from time to time by bringing aasmall gas jet, 
burning from a hard glass capillary tube, near its surface. 
The lowest temperature, at which the vapour front the 
is observed to ignite is taken as the flash point. 
When a flash has been obtained, the oil may be cooled 
about 10° and reheated at the rate of about* 2° ^er 
minute to get a more accurate determination of the 
flash point. It should, however, be noted lhat the flash 
point will be sensibly raised if the oil is kept too long at 
an elevated temperature. The results obtainetf by the 
open test are not so accurate as those obtain^ by means 
of the closed testers, e.g., the Abel or thefPenricy-Martens 
instruments, but for practical purposes it is only 
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'necessary to be able to say whether the oil will be 

dangerous or not. ,Th^ flash points indicated by the 
closed testers are usually about 15° lower than those 
obtained by the oppn test. 

The determination of flash point is of especial import¬ 
ance in the case of oils which are to be used for‘textile 
machinery and oils for lubricating steam cylinders. If 
the oil has a liigh flash point, it is not only less liable 
to damage the rubjjpr packings of the cylinders by 
ignition, but also less liable to loss by evaporation on 
prolonged exposure to elevated temperatures. The 
lighter oils for lubricating bearings and journals usually 
flash between 175° and 200° by the open test. The 
heavier machine oils should show flash points of 200° and 
upwards, while cylinder oils of good quality should flash 
above 280° by the open test. Considerable quantities of 
fatty oils are sometimes added to mineral cylinder oils 
of inferior quality in order to counterbalance their 
tendency to evaporate at the temperature of the steam 
cylinder, and their low flash points. 

Setting Poiit :.—^The following method for the deter¬ 
mination of the setting point of lubricating oils is 
recommended by the Scottish .Mineral Oil Association. 
The oil is cooled in a large strong walled test tube unti. 
it completely solidifies. In the absence of liquid carbon 
diq^ido or air, the following freezing mixtures may be 
employed ; a mixture of 2 parts of snow or pounded ice 
with I part of sodium chloride, which gives a minimum 
temperature of - 23°, or a mixture of 12 parts of snow 
or pounded ice, 5 parts of podium chloride and 5 parts 
of ammonium nitrate, which gives a minimum tempera¬ 
ture of -30°. 'iVhen the oil has solidified, the test tube 
is removed from the freezing mixture and held up to 



Petroleum,—Lubricating Oils 233 

the light, while the oil is stirred with a thermometer 
the temperature at which the last trace of papffin 
disappears i; taken as the setting point. The test is 
repeated until two determinatioi^s give concordant 
results. 

As fanentioned above, lubricating oils for refrigerating 
machines should remain liquid at -20°. The setting 
point, or, as it is sometimes called, the cold test, is also 
of importance in the case of lubricating oils for machinery 
which is used in the open in countries where the winter 
is severe; thus fof some winter oils it is necessary to 
prescribe a setting point of -15° or -20°. In England, 
however, the cold test is of less importance. If the oil 
should solidify in the journals or bearings, friction 
would be developed with consequent damage to the 
machinery. 

Specific Gravity .—In the case of the lighter oils, a 
float may be used; for thicker oils, it will be necessary 
to use a specific gravity bottle, as described for crude 
petroleum. * 

The specific gravity has no »elation toAhe lubricating 
power of an oil, but mainly serves as a means of classi- ' 
fication and identificatioa. ‘The specific gravities of pure 
aiineral lubricating oils usually lie between 0-884 
0-930 at 15°. The specific graVity cannot be looked on. 
as proportional to the viscosity of the oil, but fit may 
be said that, as a rule, oils of high specific gravities are 
used for high pressijres. 

Water .—Ordinary lubricating oils should coirtain no 
water. In light coloured oilg water is easily detected 
by inspection on shaking the sample; in dark oils it 
be revealed by the bumping or spfttin^ which will 
take place on heating. If desired, any water which may 
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be present may be estimated’as described for crude 
petroleum. 

The free acids liable to occur i® lubricating 
oils may consist of ^Iphuric acid which has.remained in 
the oil after the refining process, or organic acids arising 
from the decomposition of the mineral or vegetable oils. 
A high acidity may also be due to the presence of rosin 
or rosin oil, the detection of which vrill be described 
below. .. 

Sulphuric acid may easily be detected by shaking out 
the oil with warm water, and testiflg the latter when 
separated, with barium chloride solution and hydro¬ 
chloric acid ; this impurity will, however, only be found 
in very exceptional cases. 

The acidity of lubricating oils may be determined by 
titration as described upder the heading “ Acid Value ” 
in Chapter 111 .. If difficulty is experienced owing to 
the dark colour of an oil, the following process, recom¬ 
mended by Holde, may be employed : 20 c.c. of the oil 
are shaken in a glass stoppered measuring cylinder with 
40 c.c. of neutfal absolute alcohol, the oil being warmed 
if not sufficiently mobile. The cylinder is stoppered 
and allowed to stand overnight, after which 20 c.c. of 
th6 clear alcoholic layer are titrated with decinormaj,. 
sodium hydroxide solutffin, using phenol phthalein as 
indicatbr. If more than 0-03 per cent, of acid (cal¬ 
culated to SO^ is found, the rest of the alcohol should 
be poured o*ff, the above process .repeated with the 
residuaj oil and a further quantity of 40 c.c. of neutral 
alcohol, and the amount pf acid found in this second 
titration added to that found in the first. 

Refined, fclear'mincral oils should contain no free add, 
or, at most, only 0-03 per cent., calculated as SO,. 
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Dark oils should not contain more than ©•3 per cent, of 
acids ; generally, however, th^ proportion of these^on- 
stituents wiU be under o-l5 per cent. If the amount of 
free acids in a lubricating oil is above the prescribed 
limits, there is danger of the bearing»on which it is used 
becoming corroded. 

Deblooming Agents .—^Nitronaphthalene is sometimes 
added in order to destroy or minimise the fluorescence 
of mineral oils. It may be deteclad by a reddish violet 
colour produced on "boiling a few c.c. of the sample with 
alcoholic potash in’a test tube, or by the odour of naph- 
thalamine produced on heating with zinc dust and dilute 
hydrochloric acid. 

Soap and ilsA.—The better class lubricating oijs will 
contain no soap or foreign inorganic matter, e.g., talc or 
graphite, as will Hfe shown by iheir complete solubility 
in benzene and low ash content. Soap may be added 
in order to increase the consistency of the oil or to 
facilitate its emulsification with waterit will be recog¬ 
nised by the ease with which emulsions are formed, and 
the feebly alkaline reaction «f these Awards phenol 
phthalein. An examination of the aqueous extract will 
soon show whether sosp ii present (see Chapters III. 
■nd IV., introductory sections), and the nature of the 
base (usually soda potash, lime or ammonia) may be 
ascertained by examining the acidified aqueous'extract. 
The soap may be estimated as described for lubricating 
greases. 

Other Tests .—test for gumming tendency isH^pscribed 
below. 

Nastjukoff’s Formolite test^ gives a measure of the 

^ M&rcuseon’s modification, Chem. Zeit., 35 * 7^9 

742, al». Analyst, 1911, 461. 
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proportion of unsaturated cyclic hydrocarbons which 

reac(^ with formaldehyde and sulphuric acid to form 
solid condensation products to which the«name " formo- 
litcs ” is given. grams of the oil are dissolved in 
50 c.c. of petroleum ether, and 30 c.c. of concentrated 
sulphuric acid are added without shaking. The mixture 
is cooled in ice water, and after the addition of 15 c.c. 
of 40 per cent, formaldehyde, it is shaken and cooled 
until no further heating takes place ; it is then allowed 
to stand for half an hour, and pouitd into a litre flask 
containing 200 c.c. of ice water. The acid liquid is 
neutralised with ammonia, the precipitate is filtered off, 
washed with petroleum ether till free from oil, then with 
water^till free from ammonia, and dried at 105° till 
constant in weight. 

Marcusson found fronj 28-9 to 33-3%rams of formolite 
per 100 c.c. of American oils, and lof} to 24-4 grams 
per 100 c.c. of Russian oils. He states that the cliief 

constituents to which mineral machine oils owe their 

• ^ 

lubricating power are those which do not yield formolites. 

Loebell ‘ de#:ribes a modification of Holde’s method 
for determining asphalt in mineral lubricating oils. Kiss- 
ling ^ has proposed a methdd for estimating tarry and 
caAonaceous matter in lubricating oils formed aft^ 
heating at 150® to 250° for fifty hours. 

Lubricating Greases. 

Soap is chiefly used in lubricating greases, in which it 
is emul^fied with mineral, lignite, rosin or tar oils, with 
the addition of a little water. The soap may be esti¬ 
mated by carefully burning off a weighed quantity of 

^Petroleum, 191Z, 6. 774. abs. /{nalyst, 1911. 418. 

*Chem. Zeit., 1909, 33, 328, abs. AnalysU 1909, 328. 
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the sample, incineifcting and titrating the residual potas¬ 
sium carbonate, sodium carbonate, or lime, with semi¬ 
normal hydrochloric acid. The amount of the base jpund 
may then b« calculated to stearate or rosinate. 

Bockermann recommends the fallowing method for 
the estimation of soap as being suffitiently .accurate for 
technical purposes: After the estimation of the free 
fatty acids (as described for lubricating oils) 2 grams of 
the grease are boiled for thirty minutes with 50 c.c. of 
decinormal caustic potash solution and 50 c.c. oi absolute 
alcohol in a flask unBer a reflux condenser. The mixture 
is cooled, and shaken with 40 c.c. of petroleum ether in 
a stoppered cylinder; when the layers have separated. 
20 c.c of the petroleum ether are drawn off and evapo¬ 
rated : the residue of unsaponifiablc matter is dpod in 
an oil bath at about 140° till constant in weight. The 
soap is estimated ^y difference. If the amount of free 
fatty acids pres?nt is large, a corresponding correction 
must be made. 

The oily matter may be separated f|;om the soap for 
examination for the constituents mentioned above by 
repeating the operation on a larger scale insufficient alkali 
should be used to ensure that no fatty acids find^their 
way into the petroleum*eth8r solution. 

•Water may be estimated in lubricating greases *by 
the toluene distillation method, as described for crude 
petroleum. 

Detection and Estimation of Fatty ‘Oils, Rosin, 
Rosin Oil, Tar Oil, etc., in Presence of 
Mineral Oils. 

Fatly Oils .—^As a preliminary test, the s^nifieation 
‘Chem. Zeit., 1911, 35. 1066, abs. Analyst , 1911, 559- 
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value the sample may be determiied as described in 

'Chapter III., p. 131. If no definite value is obtained, 
thei\^ fatty oils may be' assumed to be absent. The 
following method for the rapid determination of fatty 
oils in presence of mineral oils is recommended by 
Schreiber:— ‘ ' 

Five grams of the oil are weighed out in a 200 c.c. 
conical flask, 25 or 50 c.c. of approximately semi-normal 
alcoholic potash (see Chapter III., p. 132) are added, and 
then sufficient benzeaa to dissolve the oil when warmed. 
25 c.c. of benzene will generally bb sufficient, but for 
cylinder oils 50 c.c. may be necessary; in this case, 
25 c.c. of neutral alcohol may be added with advantage. 
At the same time, a blank experiment is started with 
equal, amounts of alcoholic potash, benzene and alcohol, 
to those used in the actual determination. The flasks 
are connected with air condensers and placed on a water 
bath so that the contents are kept gbntly simmering. 
During the saponification, which will be complete in 
thirty minutes,, the contents of the flasks should be 
gently shaken from time to time. The amount of potash 
used up in th#saponifica'lion is determined by titration 
with semi-normal acid in presence of phenol phthalein, 
as described under the heading*'' Saponification Value ” 
in*'Chapter III. For practical purposes, the sapow 
fication value of the fatty oils used in lubricating oil 
may bd taken as 195. Then, if S be the saponificatio: 
value found, the percentage of fatty oil present will b 


100 S 

Rape and sperm oils, however, have saponi¬ 
fication values of 175 and 124 respectively, and if either 


’ J . Amn . Chem . Soc .^ tgo ^, *7, 74. 
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of thesaare suspeAe^ or found, due allowance jnust be 
made in the calculation. 

The fatty acids may be obtamed'for examinatioiywith 
a view to pessibly determining the nature of the fatty 
oil or fat present, by saponifying#and extracting the 
unsaponifiable oil with ether as desCtibcd on p. 237 (see 
also p. 193). The problem may be a difficult one, especi¬ 
ally if mixtures of fatty oils and fats are present. 

Lubricating Oils containing no Mineral Oils. —These 
may be recognised and examined* by methods described 
in Chapter III. Tile fatty oils and fats which are used 
as lubricants are pointed out in the last column in the 
table on pp. 148 and 149, and mention is made regard¬ 
ing their use as blown or oxidised oils. As mentioned on 
p. 130, blown oils have lower iodine values tha^i the 
normal oils; the refractive index will also be lowered 
on blowing, but flic saponification value will not be 
greatly affected. * Mention may be made of the enormous 
increase in the demand for castor oil during the last few 
years, owing to its particular suitability for aircraft 
engines.' The U.S. War Office specification for this oil 
is as follow : Must be colourtess ; specific gravity at 
60* F., 0'959 to 0-968; must be completely solubje in 
four volumes of 90 per tenf. alcohol of specific gravity 
•*34 at 60° F.; maximum acidity not to exceed ftie 
equivalent of 1-5 per cent, of oleic acid ; iodine value 
80 to 90; saponification value 176 to 187 ; unsaponi¬ 
fiable matter under i per cent.; must conjain no rosin, 
rosin oil or cotton ^seed oil; viscosity (Sayboldt) 450 
seconds at 130° F. or 95 seconds at 212° F.; flatji point 
450° F. in a Cleveland open flash cup; freezing point 
below zero F. 


J . S . CJ ., 1919, 38, 20 R. 
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Rosii} (see also Chapter IV.).—^ was poieted out 

above, a somewhat high acidity may be due to the 
presfuce of dissolved rosin. In light coloured mineral 
oils, rosin may be detected by the Liebewnann-Storch 
reaction, as describad in Chapter IV., p. 189. If the oil 
be too dark, the fosin acids may be dissolved out by 
extracting with dilute sodium hydroxide solution and 
precipitated by acidifying the alkaline extract. This 
process may also be adapted for the quantitative estima¬ 
tion of rosin, provided that fatty oils are not present; 
the precipitated acids are filtered off, dried, weighed, 
after which they may be tested by the Liebcrmann- 
Storch reaction. 

A quicker way of separating the rosin for qualitative 
examination is to shake about 10 c.c. of the oil with an 
equal volume of hot 70 fier cent, alcohol, and after 
cooling, filtering and evaporating the alcoholic layer. 
If rosin be present, the residue will'be of a resinous 
nature, and not oily, and it will give the characteristic 
coloration in the Licbermann-Storch test. 

If fatty oils are present, it will be necessary to saponify 
as described finder the heading “ Fatty Oils ” (p. 237). 
The alcohol and benzene having been removed by evapo¬ 
ration, the residual soap is dissolved in water, and the 
solution separated from unsaponifiable matter by'•is* 
traction with ether. The soap solution is then evapo¬ 
rated to dryness, redissolved in water, and the solution 
acidified with hydrochloric acid ; the precipitated acids 
are extracted with ether, after which the aqueous layer 
is separated off, neutralised and evaporated to about 
25 c.c. Op acidifying again and extracting with ether, 
the rest of the fatty acids will be separated. The ethereal 
extracts are united and evaporated; the residue may 
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then be fested for rosin acids by the Liebermann-Storch 
. reaction. If desired, the rosin.aci^ may be estimated 
by TwitchelTs process, as described in Chapter TV., 
p. 189, in the mixture of fatty and rosin acids obtained, 
as just described, from a given weight gf the oil (sufficient 
to giv» about 5 grams of mixed acids). It should be 
noted that rosin acids which have been treated with 
hydrochloric acid, as in the Twitchell process, no longer 
give the Liebermann-Storch reaction. 

Rosin Oil. —Rosin,oil is obtained from rosin, or colo¬ 
phony, by destructive distillation. It always contains 
varying quantities, up to about 30 per cent., of unchanged 
rosin acids which have been carried over mechanically 
in the distillation, and may, therefore, be tested for in 
lubricating oils, as described above, by the Liebermann- 
Storch reaction. Rpsin oil gives a violet coloration when 
shaken with a dr(^ of stannic bromide (Allen). 

Valenta’s test for rosin oils, which has been investigated 
and recommended by Lewkowitsch, depends on the fact 
that 100 grams of glaciak acetic acid at dissolve only 
2-6 to 6-5 grams of mineral oil,but i6-g pams of rosin 
oil. If fatty oils are present, they must first be removed ' 
by saponification, and the^un^iponifiable matter isolated. 
Two c.c. of the unsaponifiable matter are mixed in -a 
Tesf tube with 10 c.c. of glacial acetic acid, and the tube 
is loosely corked and kept in a water bath at 50°, shakipg 
continually for five minutes. The mixture is filtered 
through a moist filter, and the middle portion of the 
filtrate collected ; a portion of this is weighed off accur¬ 
ately and titrated with normal caustic soda sofution ; 
the difference between the waght of acid and that found 
by titration represents the amount of oil dissolved. 

Rosin oils are generally used in axle greases, together 

A.I.A. 16 
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'with soap and water, or as insulating material for 
electrical machines. • Owing to their tendency to resinify 
when exposed to the air in thin layersr at elevated 
temperatures, they^are unsuitable for use in the better 
class lubricating ails. Rosin also has a tendency to 
cause gumming, and, like rosin oil, must be regarded 
as an adulterant if found to be present in better class 
lubricating oils. 

Lubricating oils are sometimes tested for their gum¬ 
ming tendency by spreading them in thin layers on glass 
plates and keeping them at 50° or ido° C., the film being 
examined on cooling, from day to day. If rosin oil be 
compared in this way with a mineral lubricating oil of 
good, quality, the superiority ol the latter as regards 
gumming tendency may be shown. 

Tar Oils .—^The tar oijs which are used for the adultera¬ 
tion of mineral lubricating oils are usually the heavy 
dark anthracene mother liquor oils (see Chapter II.), of 
specific gravity over i-oo. If present in fairly large 
quantity, therefore, they may sometimes be recognised 
by the somewhat high specific gravity ofthe sample. 
According to Holde, the following properties of tar oils 
enable them to be recognised ip presence of mineral oils. 
Tiiey are completely soluble in alcohol at the ordi nary 
temperature, giving dark-coloured solutions, and their 
smell is generally creosote like. When heated on the 
water bath with concentrated sulphuric acid, they react 
to form water soluble products. ,With nitric acid of 
spedfiy gravity i'45, they react vigorously, often with 
explosive violence, with.the formation of nitro com¬ 
pounds. Coal tar oils are best detected and estimated 
by the use'of dilnethyl sulphate, which dissolves aromatic 
hydrocarbons in all proportions, but does not dissolve 
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and is insoluble in the heavier paraffin hydrocarlions or 
rosin oils (Valenta). The oil fe shaken with one a^d a 
half times it% volume of dimethyl sulphate in a stoppered 
graduated cylinder, and the increase in volume of the 
dimethyl sulphate layer is noted. "Kie test is accurate 
to within i or, at the most, 2 per cent. The coal tar 
oil may be isolated and weighed after saponifying the 
dimethyl sulphate by warming with dilute caustic soda 
solution. It should be noted that.dimethyl sulphate is 
very poisonous. • 

Lignite Oils .—The lignite oils of high boiling point and 
specific gravity 0-9 to 0-97, which may be used for the 
adulteration of mineral oils, resemble the coal tar oils in 
having a creosote like smell; they are soluble in^twice 
their volume of alcohol at the ordinary temperature, to 
the extent of 22 to«62 per cent. .They contain unusually 
large amounts <rf sulphur compounds^ and react with 
concentrated nitric acid less vigorously than the coal tar 
oils, but more vigorously than the mineral oils. They 
are not so easily recognised in mixtures as the coal tar 
oils. 

Fuel Oils .—^As explained above, these may be crude 
oils wliich do not contain arty appreciable proportion of 
■tha. more volatile constituents usually found in petro¬ 
leums, or the residues remainihg after distilling off the 
volatile matter (see p. 205). They may be analysed ior 
water, and volatile constituents by the methods given 
above for petroleum, and the flash point, viscosity acidity 
and setting point may be determined as descrijjed for 
lubricating oils. The Britislj Admiralty specification 
provides that the flash point shall not be lower than 
175® F. (close test); the acidity musf nof be above 
0-05 per cent, (as sulphuric acid); when tested in the 
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RedwcxJd viscometer, the efBux time for 50' c.c. at 
32° must not exceed 2900 seconds. 
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CHAPTER VI 


MILK AND BUTTER 

Introductory 

On account of the enormous value of the milk of the 
cow as an article of food, both in its original state and 
when manufactured into such products as butter or 
cheese, its complex nature and its susceptibility to de¬ 
composition through the agency of the manifold SJ)ecies 
of micro-organisnjp for which it forms an excdlent 
nutrient median^ the examinatton of this product may 
well be said to form one of the most important and 
interesting chapters in the chemistry of foods. 

Ordinary cow’s milkdof commerce is*a white opaque 
emulsion of fat in water which contam^lactose, saline 
matter and other substances in solution, and casein in • 
a state of colloidal suspension. Its bluish or yellowish 
tinge depends on the amount of fat present, or on tjie 
"pfRence of colouring matter, either natural or artificial. 

Fresh milk has am amphoteric reaction, turnipg blue 
litmus slightly red, and red litmus slightly blue; this is 
owing to the presence of acid phosphates ; on an average, 
too C.C. of fresh millf will be found to require about 30 c.c. 
of dednormal sodium hydroxide solution for netftralisa- 
tion in presence of phenol phthalein, and 40 ».c. of ded¬ 
normal sulphuric add in presence of litigus qg indicator. 
On standing, milk which has not previously been heated 
»45 
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■almost iinvariably becomes decidedly acid owing to the 
conversion of part of the l^ictose into lactic acid by certain 
micro-organisms. 

The most important constituents of miOc are water, 
fat, proteins, lactosfe and inorganic salts. The following 
data, showing the.general variations in the composition 
of cow’s milk, have been compiled by Fleischmann from 
many different sources :— 

Water .. .. 86-5 to 89-5 per cent. 

Fat .. .. 27 4-3 „ 

Proteins .. .. 3-0 , 4-0 „ 

Lactose .. .. 3-6 ., 5-5 

Ash. 0-6 „ 0-9 „ 


Richmond gives the following average composition 
based on numerous analyses of milk from different parts 
of England :— » . 


Water .. ‘ .. 

87-35 per cent. 

Fat .. '. 

3-74 .. 

Milk sugar. 

4-70 „ 

Casein.. .. '. 

3-00 

Albumin, 

0-40 „ 

Ash. 

0-75 .. 

' Other constituents ... 

f. 

o-o6 „ 

■■ Fleischmann’s results apply to mixed milk from heai?.i. 
greater variations may be found when samples from in- 

dvndtfal cows are examined. 

Judging by English 


standards, the upper limit for fat in Fleischmann’s table 
might be placed a little higher (see .below).* 

^ Thf .dv^mposition of milk has been dealt with by Richmond in 
annual papers in the Analyst a number of years. The results 
of examination of milk from farms received during 1914,1913 and 
1916. especially regards variations in the fat percentages, have 
been dealt withbyAxup. andRichmond, Analyst, 1917.119. 
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The cemposition^f inilk varies, not only with ^he age,, 
state of health, and breed of the animal, but also with 
the district, climatic conditions’, tinle of the year, geflcral 
treatment, method of feeding and other factors. 

Before prbceeding to describe analytical methods, a 
short account will be given of the principal constituents 
of milk and butter. 

• The Constituents or Milk. 

Pat—As stated above, this constituent is present in 
the form of an emulsion ; the globules of fat generally 
measure from o-ooi6 to o-oi mm. in diameter, and 
number, on an average, 2J to 3 millions per cubic milli¬ 
metre. In milk, the fat is present in the liquid, super¬ 
cooled state ; on transformation into butter fat, it takes 
up the solid form wliich melts from 31° to 36°. This 
change is effected V thoroughly agitating cream which 
usually contains* about 20 to 35 per cent, of fat, and 
which has usually previously been soured or “ ripened ” 
by lactic acid producing organisms, in specially con¬ 
structed churns, at temperatures of aUbut 10 to 15 , 
the solid fat coalesces and separates frSm the butter- 
milk in the form of small pellets, which, after wajhing 
with water, arc worked* by* a process of kneading into 
• brftter containing some 12 to 16 per cent, of water. The 
composition of butter will be further treated of ^below. 

When milk is allowed to stand at rest, the fat riseSto 
the top, forming a layer of milk rich in fat, known m 
cream. In moden> dairy practice, milk is separated in 
centrifugal machines from which it is possible*ta obtain 
cream containing anything up to 80 per eeqt. of fat at 
will: the skim milk obtained contains a few tenths per 
cent., or even less, of fat- 
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• Milk'fot is peculiar in containing an unusudlly large 
number of different gljKerides which include notable 
pro^rtions of the glycerides of the lower fatty adds, 
espedally butyric acid. As is pointed out in Chapter III 
the latter circumsfence is taken advantage of in the 
estimation of butter fat by the processes in which the 
volatile fatty acids obtained under certain conditions 
from a given weight of the fat are estimated. Besides 
the lower fatty acids, milk or butter fat yields on hydro¬ 
lysis higher fatty acfds, such as palmitic, stearic and 
oleic acids (see Chapter III., introductory), the acids of 
intermediate molecular weight being obtained in rela¬ 
tively small proportion. Milk fat is the most valuable 
fat known, and is, economically, the most important 
constituent of milk. The commercial valuation of milk 
is baaed very largely on its fat content, while from the 
fat percentage of the nfilk yielded by ^dividual cows it 
is possible, to calculate the amount of butter obtainable 
in relation to the fodder consumed by the animals. 

Although the" fat in milk from individual cows may 
vary from i tp » per cent, when exceptional cases are 
included, the variations for mixed milk from herds of 
cows, taken all the year ropnd, usually fall between 2-5 
•apd 4'5 per cent. In England the fat percentage is at 
its maximum in November and December, and at^ts 
minimvun in May and June when genuine samples may 
occasionally fall below the standard of 3-0 per cent, in 
fat content. > In countries where the diet of the animals 
is more uniform throughout the f^hole year, the fat 
percentages are generally speaking subject to smaller 
variations.- Evening milk 'is on an average 0-2 to 0-3 
per cent, rjeher^n fat than morning milk. In order to 
hlustrate the influence of the breed of the animals, it 
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may hi mentioned that the milk from Jersey cows' 
averages 5 per cent, of fat, while that from Dutch cows 
only average 3'i to 3-2 per cent. The standards adopted 
by different countries in fixing the minimum permissible 
proportion of fat will naturally vAy to some extent. 
In the United Kingdom it is generSly presumed that 
genuine milk should contain at least 3 per cent, of fat, 
and accordingly the Sale of Milk Regulations of 1901 
provide that milk containing less than 3 per cent, of 
milk fat (or less than 8-5 per cent’, of milk solids other 
than fat) is to be 4)resumed not to be genuine, unless 
the contrary be proved. Thus, no absolute standard 
is fixed, but the burden of proof would lie with the 
defendant in the case of a prosecution. 

Proteins .—The total proteins of milk amount, bn an 
average, to about ^'5 per cent., of which about 2-9 per 
cent, is casein, apd 0-6 per cent! milk albumin together 
with traces of milk globulin. Caseirf belongs to the 
phosphoproteins, but differs from other phosphorus- 
containing proteins in that it 3delds ilo xanthine and 
pyrimidine bases, or pentoses, on hydroTjigis. Owing to 
the absence of carbohydrate Roupings, it fails to give < 
the Molisch reaction ; this Jest (which may be carried 
out with egg albumen) consists in adding to an aquecws 
solution of the protein a few drops of an alcoholic solu¬ 
tion of a naphthol and then concentrated sulphide 
acid; if carbohydrate groupings are present, as is the 
case with egg albumen, a violet coloration will be formed 
at the surface of contact of the acid and aqueous layers. 

On hydrolysis with baryta solution, casein'yields, 
besides carbon dioxide and ammonia, a number of amino 
adds which consist, in the main, of naonoamino &tty 
adds and cyclic derivatives of the latter.* Pure casein is 
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,a whit^ powder, insoluble in water a^d soluble in dilute 

alkali or acid solutions. It thus possesses feebly basic 
and'acidic properties. In milk, casein exists in the form 
of a calcium salt, which, being present’in'the colloidal 
state, can only be filtered off by passing the fnilk through 
a filter of unglazSd porcelain ; in this way the total 
proteins of the milk may be obtained as a white mass. 

When milk is treated with a small proportion of acetic 
or mineral acid, or allowed to become sour through the 
agency of lactic acid- producing organisms, it thickens 
owing to the precipitation of the casein which has been 
liberated from its calcium derivative. On warming the 
acidified solution, the ca.sein coagulates, leaving a slightly 
turbid, yellowish whey, while' on addition of excess of 
acid it is redissolved. On the addition of rennet, tannic 
acid, alcohol or inorganic salts, such as sodium chloride, 
copper sulphate, alum, etc., to milk, (he casein is precipi¬ 
tated, in the foran of a calcium derivative ; in the case 
of precipitation by rennet a partial disruption of the 
protein molecule takes place. ^ In this respect, casein 
resembles the Majority of proteins, which may usually 
be separated *and pmifitd by the salting out of their 
aqupous solutions at various definite concentrations and 
temperatures. Commercial casein, which is usually pre¬ 
cipitated by acid, is used for a variety of purposes; 
hardened by treatment with formaldehyde it can be 
tfsmsformed into a body which can be put to the same 
uses as cellqloid, bone, etc.; it is used for glazing paper 
and in the manufacture of adhesive*prcparations, paints, 
enamals' and edible preparations such as " Plasmon,” 
'* Sanatogen," etc. 

Milk albumin is very similar in composition and pro¬ 
perties to the.albumin of the Jilood. It is not precipi- 
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tated with the casein on the acidification of mijk, and. 
further differs from casein in not being salted out from 
neutral solution on saturation with magnesiunl or 
ammonium Shl^hate. It is, however, precipitated from 
slightly acid solution on saturation with the above 
salts. , 

Milk S«g«r.—Milk sugar, or lactose, is a disaccharide 
which, on hydrolysis with dilute mineral acid, yields the 
hexoses galactose and dextrose in equal amounts. It 
reduces Fehling’s solution, and* Is dextrorotatory in 
aqueous solution, yie hydrated lactose CijH^Ojj, HjO 
having a specific rotation of [«]„ +52-53° at 20° C. As 
will be shown below, the two last-mentioned properties 
are made use of in the quantitative estimation of lactose. 

The fermentation changes undergone by lactose play 
an important part both in the souring of milk and the 
manufacture of butter from cream. Lactose is not fer¬ 
mented by the common yeasts, most* of which attack 
cane sugar; by far the most important fermentation 
change which it undeggoes is its transformation into 
lactic acid (C]2H220|| -b HjO = 4 

This change is brought aboht through the agency of 
different species of micro-or|anisms which occur in jnilk, 
and is, under normal cdhditions, the first change in the 
decomposition of unheated ipilk by micro-organisms. 
As was pointed out above, the milk becomes coagulated 
owing to the precipitation of the casein by the acid. "Tn 
modern dairy practice, cream is soured for butter-making 
by first pasteurising it, i.e., heating to about 70° to 
85*, in order to destroy most of the micro-bnganisms 
present, and then, after cooling to the ordinajry tempera¬ 
ture, infected with a culture of a lactic aci^ producing 
organism, such as Streptococcus Lacticus. By this means 
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it is possible to obtain more uniform results and a better 
flavour in the butter than if, as in the old process, the 
cream were allowed to ripen spontaneously through the 
agency of such naturally occurring bacteria as may 
obtain a predomifiating influence. The formation of 
lactic acid is, quantitatively, the chief change which 
occurs in the souring of milk or cream ; at the same 
time, however, traces of aroma-producing substances 
are formed which play an important part in the flavour¬ 
ing of the butter'fat. In margarine manufacture, 
similar changes are produced in skim milk. 

Mineral Mailer.—The analysis of the ash of milk, 
allowing for the phosphorus contained in the proteins, 
and the carbonate formed from the organic matter 
on iheineration, shows the mineral matter of milk 
to be composed as follows (S6ld,uer, quoted from 
Barthel):— , 


Sodium chloride 

.. lO'fa 

Potassium chloride .. 

9 -i6 

Mono potassium phosphate'.. 

12-77 

DipotassiWmr phosphate 

.. 9-22 

Potassium citrate 

5-47 

Dimagnesium phosphate « .. 

371 

Magnesium citrate .. 

. • ■ 4-05 

Dicalcium phosphate 

7-42 

Tricalcium phosphate 

.. 8-90 

Calcium citrate 

23-55 

Calcium combined with casein , 

5-13 

Total 

.. 100*00 


All the aJ?ove,constituents east in the dissolved state, 
with the exception of the calcium combined with the 
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casein, ^#hich exists in the colloidal state, and part of 
the calcium phosphate, which, lalthough existing in the 
solid form, is exceedingly finely divided. 

Other Constituents. — Lecithin, a glycero-phosphate of 
the trimethyl-ammonium base, chofijie, occurs, on an 
averag*, to the extent of about o-o65*per cent, in milk. 
The presence of this substance is said to cause the 
" browning ” which takes place on heating butter. 

Enzymes of different kinds are contained in milk; 
these include oxidases, reductases, catalases, and protein 
and fat hydrol3?sing»enzymes. The significance of some 
of these enzjrmes, some of which are probably 
produced by the bacteria in the milk, will be dealt with 
later. 

Dissolved gflses,consisting of oxygen .carbon dioxidS, etc. 

Among foreign ladies, constantly occurring in milk, 
are white bloocl corpuscles of leucocytes, bacteria, 
yeasts, moulds and their spores and dirf. 

The number of micro-organisms and amount of dirt 
contained in new milk (iepend on the clfeanliness of the 
cows, the stable, and the vessels in v^gh the milk is 
collected, as well as on the care which is taken in the 
subsequent treatment of thp milk. Thus, while milk 
from clean cows, collected in steam-sterilised vessels, may 
conTain only a few hundred bacteria per cubic centi¬ 
metre immediately after milking, milk from dirty co^, 
collected in dirty vessels, may contain several hundred 
thousand bacteria per cubic centimetre. The dirt, which 
may consist of hairs of animals and human beings, earth, 
dung, fodder, fibres, sand, parts of insects, et(J, may 
amount to as much as 0-03 to b'25 per cent, of the milk, 
but should, in general, be below o-oi pegceni 
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The Constituents of Butter. 

As will be gathered ^om the above remarks on the 
production of butter, the latter contains 'chi constituents 
of milk in altered proportions. The percentage of fat in 
butter will gener^y lie between 83 and 85 per cent., 
water between 12 and 15 per cent., while the proteins 
generally amount to about o-6 to o-g per cent., sugar and 
lactic acid to 0-4 per cent., and ash,inorganic salts, 
to o-i or 0-2 per cent.* 

■The fat, which differs from milk^fat in being in the 
solid state, is present in the form of minute globules, 
emulsified in the aqueous serum which holds the proteins, 
or curd, in suspension and the other constituents, such 
as inorganic salts and sugar, in solution. The content 
of curd may vary somewhat according to the method 
of manufacture of the- butter : thus, Storch gives the 
average protein .content of butter from fresh cream as 
0-64, and of butter from ripened or soured cream as 0-84 
per cent. A certain amount of salt is almost invariably 
added to buttST as a flavouring medium and as a pre¬ 
servative, in order to cHfeck the development of micro- 
orgqjiisms which may turn it rancid. The amount of 
s^t added may vary from i ttf 5 per cent., the so-called 
fresh or mild cured butters containing less than ij'per 
cent. Brine-pickled butters may contain as much as 
6T0 9 per cent. of salt. Boric acid or borax preservative 
may be added in amounts up to one half per cent., 
expressed as boric acid. 

The tHYSicAL and Chemical Examination of Milk 
Cream and Skim Milk. 

Sampling .—Owing to the tendency of the fat to collect 
at the top, the sample should always be taken after 
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thoroughly mixing the bulk of the milk. The ‘sample* 
bottle and cork should.be perfrttly clean, and the bottle 
should not b* fijled more than about three-quarters full, 
in order that the cream may be mi;jed into the bulk of 
the milk by shaking, immediately before examination. 

If tHe sample is required for bacteriological analysis, 
■it should be taken in a bottle which has not only been 
well cleaned, but sterilised by heating in an oven to 
130° for half an hour, the .stoppered neck having been 
wrapped round witlr cotton wool which is kept in place 
by a piece of musliH tied over it. 

If the analysis cannot be proceeded with at once, the 
sample is best preserved by keeping it in a cool place, 
preferably in an ice chest. The addition of 0'5 gram of 
potassium dichromate, or i c.c. of a 40 per cent, solution 
ot formaldehyde pSr litre, will preserve milk for a pro¬ 
longed period ; k is, however, advisable to avoid, as 
far as possible, tampering with the sample in any way; 
further, the addition of dichromate will naturally affect 
the specifi(<gravity and Jontent of ash q,t!d solids less fat, 
while the addition of formaldehyde may»interfcre with 
the determination of fat by centrifugal methods. 

Immediately before the analysis the sample bottle 
shqjjld be repeatedly turned in order to mix the creaJn 
with the rest of the milk, heatiflg, if necessary, to about 
40°. The milk is then poured into a clean beaker ;.<if 
any cream remains in the bottle, the milk should be 
returned to it and §haken until only a trace of cream 
adheres to the sides. Every time a portion of the jample 
is to be weighed or measure^ off, it should be mixed by 
pouring from one vessel to another. In case fhe sample 
for anal3«is should be soured and coagufcted*it may be 
treated with ammonia as recommended by Weibull; 
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•Richmond’s procedure, which consists in addiilg 5 c.c. 
of dilute ammonia (one part of strong ammonia to four 
parts of water), may conveniently be adopted ; the con¬ 
sequent correction of the specific gravity is described 
below. If the sample should contain lumps of churned 
fat (resembling butter), which may occur if it has been 
shaken too much in warm weather, it should be strained . 
through muslin, the tumps being analysed separately 
for fat. 


Physical Examination. 

The analytical processes described under this heading 
include the determination of specific gravity and dirt or 
foreign matter. In appearance, the milk should be fully 
opaqfie and homogeneous, and on standing at rest, it 
should form a well-defined layer of cream ; a collection 
of flaky particles indicates either udder disease or that 
the milk is so old that bacterial decomposition has set 
in. Skim milk will, of course, separate no cream layer, 
and in milk which has been heated, the separation is 
slower and les? pronounced according to the temperature 
to which the milk has been heated. A pink colour will 
in ail probability be due to. blood owing to local damage 
to the udder. In the presence of blood a red deposit 
will be obtained on centrifuging, which may be exannned 
under the microscope for blood corpuscles. A sour taste 
or smell indicates that lactic acid-producing organisms 
have become- active, while a bitter or saltish taste indi¬ 
cates either that the milk is derived from cows which 
have been improperly fed or are suffering from udder 
disease, or else that the proteins of the milk are bang 
decomposed byjbacteria with the formation of peptones. 
A metallic taste is generally due to the use of untinned 
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vessels, vAile the injudicious use of certain fodder*, such 
as mangel-wurzels or turnips, alsp produces characteristic 
tastes in the milk. According to modern investigations, 
it would appcV that the last mentioned tastes originate 
from substances and bacteria introdticcd with the cow 
dung, so that the objections raised against these root 
fodders are not wholly justified. Milk very easily 
acquires the taste and smell of materials, such as car¬ 
bolic acid or dung, if left in their neigh¬ 
bourhood for some tjme. ** 

Specific Graoi/y.—jThe specific gravity of 
milk is determined with the object of detect¬ 
ing adulteration, cither by addition of water 
or removal of cream ; the interpretation of 
the results will be left to a subsequent 
section. (See " Solijis less Fat.") 

The determination should nof be made 
within a period of three hours of the milking, 
owing to the slight increase in specific gravity 
which takes place at fiKt, probably owing 
to some change in the colloidal state dt t]je 
casein (Recknagel’s phenomenon). The de¬ 
termination may be carried opt in the usual 
way by means of the Westphal balance, 
specffic gravity bottle, or, as i^ more com¬ 
monly the case, with a float specially de¬ 
signed for the purpose, known as a lactometer, 

Soxhlet’s lactometer is sometimes furnished 
with a thermometet; and is graduated to 
show specific gravities from i'024 to 1-038. soitliiet’s 
The length of the scale (^Visions is so l^tometer. 
adjusted that the fourth decimal place may be ^timated. 
The instrument is adjusted to 15° C., the specific gravity 

A.t*. 17 
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found* indicating the ratio of a given weight ot the milk 
to .that of an equal weight of water at this temperature. 
Readings may be reduced to 15° by jdijing two units 
to the fourth decimal place for each degree above 15*, 
and subtracting two units for each degree below ; these 
corrections hold good for temperatures between* 10° and 
20° C. It is not essential that the lactometer should be 
provided with a thermometer, in fact, most lactometers 
are made without; the temperature correction should, 
of course, never be omitted, t^ieth’s lactometer is 
similar to Soxhlet’s, but stouter and shorter. It is 
always advisable to check the instrument, and determine 
any correction which may be necessary by comparison 
with one which is known to be correct, or with the 
Westphal balance or pyknometer. In checking, careful 
note should be taken of the position of the graduation 
read relative to the surface of the milk (see below). 

Before taking the specific gravity the sample should 
be well mixed and then poured into a cylinder of suit¬ 
able size, avoiding the formation of fi-oth on the surface. 
The float isicarefully lowered into the milk until the 
division i-ozs coincides with the surface, and then 
allowed to come to equilibrium of its own accord. Keep¬ 
ing the eye on a level with the surface of the mil}:, the 
reading is taken at the highest point at which the inilk 
4s seen to rise up the spindle. The specific gravity of 
whole milk usually lies between i-ozq and 1*034, 
is sometimes stated, between 29“ and 34“. Skim milk 
has a somewhat higher specific gravity, usually between 
1*035 1*037, owing to the absence of fat. 

If ammonia has been added according to Richmond's 
dUrection- (see under " Sampling ”), an equal proportion 
of the same ammonia should be added to fresh milk, and 
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the change in specific gravity thus occasioned noted; 
the correction may then be applied to the sour sample. 

Dirt and Fqfeign Matter.—The following method by 
which the foreign insoluble matter is estimated in milk 
is due to Stutzer: the apparatus required consists of a 
bottle ofiabout a litre capacity, having*a tapering neck, 
connected by means of a wide piece of rubber tube to 
a strong test tube without a rim. The bottle is charged 
with a litre of milk, connected with^the test tube, and 
the whole is allowed to stand for two hours in an inverted 
position, so that any sediment will collect in the test 
tube. The rubber connection is then pinched together 
with a clip, and the bottle is disconnected ; the milk is 
decanted from the sediment in the test tube, which is 
washed several times with distilled water acidified with 
a little hydrochloric ccid, in order to dissolve the calcium 
phosphate, which is a normal constituent ot the milk. 
The sediment is collected on a Gooch crucible, washed 
with water until the filtrate is no longer opalescent, then 
with alcohol and ether, dtied at ioo° andaveighed. It 
may further be examined under.the microicope. 

Berch recommends that the milk should be preserved 
with formalin (see under ".Sampling ”), in order that*it 
may ^ allowed to settle for twenty-four hours. 

Good clean milk should contain only from 5 to lo 
milligrams of dirt per litre, though milk of commerce* 
often contains considerably more. The figures obtained 
by this method shotdd not be taken too literally, as 
some of the original dirt may have dissolved Jin the 
milk, some adheres to the fat globules and is carried to 
the snr&ce, while a further quantity may dissolve jn 
the alcohol and ether. Thus, the princ^al «olid im¬ 
purity of milk is cow dung, and this contains a large 
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prop 9 rtion of water and soluble matter. Tfie bacteria 
introduced with the dung will therefore readily become 
distributed throughout the milk. The^^t hod, however, 
gives an idea of the care which has beep bestowed on 
the important operation of straining the milk. Quite 
recently a conviction was obtained for an excessive 
amount of dirt in milk. • 

A method by which the relative number of micro¬ 
organisms may be_roughly estimated with a view to 
forming an opinion as to the caro and cleanliness in the 
previous treatment of the milk is described later. 

ChEMIC.\L Ex. 4MINATION. 

Under this heading will be described the determination 
of the acidity of milk, fat in whola milk, skim milk and 
cream, proteins, including casein aad albumin, lactose 
and ash in milk, after which the analytical results will 
be discussed from the point of view of the detection of 
the adulteration of milk. Finally, tests for the pasteur¬ 
ising and bacterial coptents of milk will be dealt with. 
The examination of milk, as well as butter, for preserva¬ 
tives will be considered ie Cljapter VIII. 

• Acidity. —^This is determined by titrating with st^dard 
caustic soda, baryta,'strontia or lime solution, using 
sphettol phthalein as indicator. Very often the degree of 
acidity is understood to express the number of c.c. of 
normal caustic alkali solution required to neutralise 
looj r.c. of milk; Soxhlct and Henkel, however, use 
one-quarter normal alkali per lOO c.c., and their degrees, 
which ire often used on the continent, are thus two- 
fifths o# the above degrees. Richmond titrates lo c.c. 
of milk with decinormsd barjda solution, or il c.c. with 
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eleventh normal strontia, using i c.c. of | per'cent. 
phenol phthalein ; as a standard, he uses an eqijal 
volume of miljj coloured with one drop of o-oi per cent, 
.rosaniline acetate in 96 per cent, alcohol. In practice 
it is often found convenient to titrate 20 c.c. of milk 
with decinormal caustic soda ; the alkali solution should 
be kept in a bottle provided with a soda lime guard 
tube, the bottle being placed above the burette so that 
the latter can be filled automaticalljj The burette may 
also be provided with a soda lime tube if it is filled 
through a side tube,* or a small burette which is fre¬ 
quently emptied may be used. Care should be taken 
always to use the same amount of indicator and to 
titrate to the same tint. 

Normal fresh milk which has an amphoteric reaction 
towards litmus genwally shows an acidity of 16 to 19 
degrees when tested by the above method, t.c., ten times 
the number of c.c. decinormal alkali per 10 c.c. An 
acidity below 15 will indicate that the milk has probably 

been derived from sick ccfws or that it haspbeen diluted 

# 

with water; the reaction towaijls litmus twill then be 
alkaline. A high acidity in milk which is known to be 
fresh will also indicate thaj it is abnormal. Normal dn- 
heated milk almost invariably becomes sour on keepin{f 
owing to the action of the lactic acid bacteria which con¬ 
vert the milk sugar, or lactose, into lactic acid. ‘It ijv 
interesting to note that these organisms which are usually 
regarded as being the most characteristic of the milk 
bacteria, owing to the fact that they readily obtain^pre- 
dominance in the first stage of bacterial decomposition, 
are derived fi-om the manure, and always becoifie estab¬ 
lished in the milk by indirect if not by direct infection. 
Although it is useful to be able to detect incipient souring 
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in a Sample, bacterial multiplication will altrays be far 
advanced at this stags ; in this respect, the reductase • 
test (see p. 288) gives far sharper indications. Acid for¬ 
mation proceeds until an acidity of over 100 has been 
reached, corresponding roughly to about i per cent, of 
lactic acid; if the milk is kept at temperatures’from 40° 
to 50°, over double the amount of acid may be producsd 
owing to the action of the bacteria usually associated 
with Bulgarian sour milk, e.g., Bacillus Bulgaricus (named 
Thermobacterium Bulgaricum by Orla Jensen). The well- 
known phenomenon of curdling, apart from the action 
of rennet or bacteria which produce rennet-like enzjrmes, 
is due to the precipitation of the casein by the lactic 
acid formed by bacteria. 

When the acidity reaches the neighbourhood of 25 
degrees, the milk will generally soagulate on boiling, 
and at an acidity of about 21 it wiU.generally coagulate 
on the addition of an equal volume of 68 per cent, 
alcohol. The empirical " boiling ” and " alcohol" tests 
have been based on the above properties. 

Bacterial •souring is, of industrial importance in the 
souring of cream for butter making and skim milk for 
margarine making. The> organism generally employed 
' for these purposes is that known as Streptocoum Lacticus 
named S. Cremoris by Orla Jensen. Properly soured 
scream is more easily churned than fresh cream ; it also 
gives a better yield of butter, and a more uniform and 
less perishable product. The aridity aimed at in the 
case, of cream will naturally depend on its fat content. 

Special milk preparations,- such as Bulgarian sour 
milk, Koumiss, Danish “ thick milk,” etc., are produced 
wholly St pastly by the action of tactic arid bacteria; 
these organisms also play hn important part in the 
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mal&g tnd ripening of many cheeses, for e:!^ple,, 
Thermobacterium Helveiicum both in the making and 
ripening of Gruyfere cheese. * 

Fat .—nflmber of methods have been devised for 
the estimation of this very impartant constituent. 
They may be divided into two classesfirst, the accurate 
/nethods, such as the Gottlieb, Wemer-Schmidt, Adams, 
Babcock asbestos and maceration methods, and, second, 
the Gerber, Babcock, and Lefimann and Beam methods, 
which are less accurate but more rttpid and adapted for 
.the testing of largejiumbers of samples. Owing to the 
importance of the estimation, several methods will be 
described, but it will only be possible to make a selection 
of some of those in use. 

Accurate Methods for the Determination 
OF Fat in Milk and*Cream, etc. 

The Gottlieb Method .—^This method waS formerly looked 
on with disfavour by some workers in this country, but 
it is an excellent methodif properly carrier out. Barthcl 
and Weibull recommend it as being* b^ter than any 
other for skim milk and butter milk (see Barthel’s work 
mentioned at the end of thi^chapter). Mooi and Part- 
rid^ recommend it for sour milk, and Richmond recom¬ 
mends it for dried milk and general use. Various special 
pieces of apparatus have been designed for carrying ojt 
the Gottlieb method; the best known of these is the 
Farnsteiner tube ; Richmond's modification is described 
here, as it only requires a tall narrow stoppered^cylinder 
of about 50 C.C. capacity. * 

Five c.c. of the milk are carefully measured into the 
cylinder by means of a pipette, the exact weight of milk 
delivered by the pipette under standard conditions’ 
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having been determined. Half a c.c. of ammoifia {strong 
ammonia, specific grav^y o-88o, diluted with an equal 
volume of water) is added and the mixture is well 
shaken ; 5 c.c. of alcohol are added and the mixture is 
shaken ; the solutfon of any lumps present is facilitated 
by warming in h«t water. 12-5 c.c. of ether are added 
and the mixture is shaken well; 12'5 c.c. of petroleum 
ether, boiling below 60°, are then added and the shaking 
is repeated ; after standing lor a few minutes, the tube 
is again shaken. The success of the operation will 
depend on the addition of the ingredients in the right- 
order and shaking well each time. As soon as separation 
of the layers is complete, which will be in about five to 
ten minutes, the ethereal solution is removed as com¬ 
pletely as possible to a 200 c.c. flask by means of a wash 
bottle arrangement made of the smallest possible quill 
tubing ; if the delivery tube is lengthened so as to form 
a syphon, less disturbance of the layers is likely to take 
place. The mixture is then shaken with three successive 
portions of a^lnixturc of equal volumes of ether and 
petroleum etter'(the recovered solvent may be used), 
which are transferred to the same flask. After most of 
the« solvent has been distilled off, the flask is placed in 
the water oven and dried to a constant weight. After 
weighing, the fat is just, melted and extracted from the 

S sk by washing with four successive portions of 5 c.c. 

petroleum ether, and the flask is dried for half an 
hour in the water oven and weighed. The difference 
between the two weights gives the weight of the fat. 
The lAethod of estimating the fat. in an aliquot portion 
of the ethereal solution, obtained by using a graduated 
tube, has bpen {pund by Richmond to be less trustworthy 
than that described.' 

‘ Analyst , 1908,389. 
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. Cream may'be treated in the same way, i to grams 
being weighed into the tube from a small beaker and 
thert made up to 5 c.c. with water. 

Dried Milk. —0-5 to 07 gram is pladfcd‘in the tube 
and made up to 5-*5 grams with water ; after adding 
the ammonia and ^cohol as described above, thprough 
solution should be ensured, if necessary, by warming. 

Eichlofi* has designed the modified form of apparatus 
shown in Fig. 18 for carrying out the determination of fat 
according to the Gottlieb process^. The vase-shaped 
vessel possesses obvious advantages ^ver the long gradu¬ 
ated tube which it is designed to replace, being of such 
size and weight that it can conveniently be weighed on 
the balance; the milk or cream may, therefore, be 
directly weighed out in it. As there are no gradua¬ 
tions, the whole of the fat must be weighed ; it is, how¬ 
ever, only necessary, after the first TOtion of the fat 
solution has been syphoned off as completely as possible, 
to wash out the vessel with two successive portions of 
25 c.c. of ethes, which need npt be shaken with the 
ammoniacal alcohol. The drying of the fat is con- 
, siderably facilitated by* using the specially designed 
beaker flask shown in the figure, instead of an 
oi^nary flask. After the sdlvent has been evapo¬ 
rated off, the fat may^ be completely dried wdfhin 
one hour, in this way, errors owing to oxidation are 
abided. As in the original process, double the quan¬ 
tities of milk and solvents mentioned above are used, 
but otherwise the details of manipidation are the same. 

The<V‘erner-Schmidt Method.—Tlds is similar in prin¬ 
ciple to the foregoing methbd, but the milk (10 grams) 
is boiled ^th an equal bulk of hydrochloric add tiU 
dark brown instead of being shaken with ammonia and 
* MilchmirUchi^^hts CmtralUetl, 1910, p. 114. 
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alcohc 4 , while ether is used to extract the fat. Tl}e 
Stokes tube used for this method is a graduated tube 
which has a constricted middle portion. If 
the whole of the fat is extracted, 30 c.c. of 
dry ether are added in the first instance 
(after cooling), and this is followectby three 
successive portions of 20 c.c. of ether. Rich¬ 
mond prefers the method of adding 50 c.c. of 
ether and drawing off an aliquot portion as 
the error due to yie solubility Of lactic acid 
in ether is increa^dby repeated extractions. 

The fat is estimated as in the foregoing 
method. The tendency for small quantities 
of substances other than fat to be extracted with the 
fat is somewhat greater than in the foregoing method. 

Thi Adams Method .—^This is the oldest of the methods 
in use at pre^nt. Five c.c.^f the milk are carefully 
distributed from a pipette delivering a known weight 
under the same conditions on to a piece of fat-free 
blotting paper specially made for the purpose. The 
paper is allowed to dry spontaneous!^ in a place free 
from flies, warmed for a few'minutes in the water oven, 
then coiled up and placed^in a Soxhlet extractor, where 
it is extracted for five* hours with ether which has l>een 
\^hed with water and ^ped by calcium chloride. 
General directions for extractions and illustrations of 
the apparatus are given on pp. 87 to 89. Care shodfd be 
taken to exclude moisture, or a little of the milk sugar 
may be rendered %oluble. The ether is distilled off, and 
the fat dried to constant weight in the water fcven. It 
is pointed out by Richmond that the method gives low 
results with homogenised milk, i.e., mill^in which the 
&t globules have been, artificially comminuted. 
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. The Mficeration Method. —^This method is nior# labor¬ 
ious than the foregoing on(jp, but it is specially applicable 
to sour and decomposed milk, and is used by the referees 
under the Sale of Food and Drugs Act in tlie Govern¬ 
ment laboratory.* • 

Babcock’s Asbestoe Method. —This method has-been 
adopted by the American Association of Official Agricul¬ 
tural Chemists. A hollow cylinder of perforated sheet 
metal, 6o mm. long and 20 mm. in diameter, closed 5 mm. 
from one end by a disc*6f the same material, is required. 
The perforations should be about 0-7. mm. in diameter 
and about 07 mm. apart. The cylinder is filled loosely 
with l'5 to 2’5 grams of freshly ignited woolly asbestos 
free from fine and brittle material. After cooling in a 
desiccator the cylinder with asbestos is weighed; a 
weighed quantity of 3 to 5 grams of the milk is soaked 
up into the asbestos, an(f the whole is dijed to constant 
weight at 100°; the total solids are thus determined. 
The fat is extracted by dry ether in an extractor, and 
may be weighed after distilling off. the ether or by differ¬ 
ence. Most of \he Working details are similar to those 
given under the Adams method. 

CalceUaiion Method. —^This.is not so accurate as the 
foregoing direct methods. It depends on a knowledge 
of the percentage of total solids and the specific gravity, 
and^the .application of the formula connecting these 
values with the fat percentage. (See p. 279.) 

Rapid Methods for the Determination of Fat in Milk 
and Cream. —In the methods which are most commonly 
employed in practice, the fat is separated from the 

^ For descriptions of this method, see Richmond’s " Dairy 
Chemistry,” Thorpe, AntUyst, 1905, 197, and Richmond and 
Miller, 1906, 317. 
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other lonstituents of the milk or cream 
by the use of the centrifuge, and its 
volume reEjfl off. 

Gerber's .Method. —Fig. 20 shows one 
form of butyrometer tube or bottlB.which 
mayd)e used for the analysis of milk by 
this process. Into this tube are intro¬ 
duced 10 c.c. of concentrated sulphuric 
acid of specific gravity 1-820 to 1-825 
15° C., and II CkC. of the milk, taken 
from a well-mixod sample, arc carefully 
run in from a pipette so as to avoid com¬ 
plete admixture with the acid. Finally, i 
c.c. of amyl alcohol of specific gravity 
0.815 at 15° C. and boiling point between 
128° and 130° k added. The acid and 
alcohol which ^re cmploj’ed fo facilitate 
the separation of the fat in a clear Ihyer 
are added from measures which automati¬ 
cally deliver the required amount?,,or 
from burettes or pipettes. A well-Sttipg 
long rubber stopper is inserted in the 
butyrometer tube, which is then well 
shaken till all lumps are dissolved and 
whirled in a centrifuge at .about 1,000 
revolutions per minute for three to four 
minutes. The tube and its contents are 
brought to 65° in a water bath, and the 
fat percentage is directly read off by 
observing the graduation to which the 
lowest part of the meniscus of the fat 
layer reaches, the lower sur&ce hajung. 
been brought to the zero division, or any 



Fig. 30 . 
Gerber Tube 
for Whole Milk. 




other convenient mark, by manipulating 
the rubber etopper. 

Similar tubes may be obtained for the 
anal5rsis of skim milk or cream by this 
method. The tubes for whole milk are 
usually graduated to show up to ^ or 9 
per cent, of fat, while those for cream 
show up to about 40 or 60 per cent, of 
fat, usipg either 5 grams or 5 c.c. of 
cream. The special tubes, measures, and 
all other requisites for the above process, 
may be obtained from most dealers in 
chemical apparatus. 

The Gerber bottles and bottles used in 
similar methods shoidd be checked by 
duplicate determination* made by one of 
the more accurate methods. The layer 
read as fat is by no means pure fat; the 
method is subject to several errors which 
tend to balance onb another. Richmond 
hus made a thorough study of the Gerber 
method, including the calibration of the 
bottles.* ' , 

The Babcock Method .—^This method, is 
used in America in place of the Gerber 
method which it closely resembles.* Fig. 


22 shows the type of bottle used. ly-b 
c.c. of the milk are first run into the 
bottle from a pipette, and then ij'$ cx. 


''' Dairy Cberaistry " and Analyst, 1905, 325, 
and 1918, 405. 

Fis. 21. *' Chemical Testing of Milk and Cream," 
Gerber Tube for U.S. Bureau of Animal Industry, 1917. 


Skim Milk. 
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of snlplluric acid of specific gravity I’Sa to The' 
acid and the milk should be *010 down the side of the 
neck. The mixture is shaken without interruption until 
solution is eomplete, and the bottle is 
centrifuged for four to five minutes. 

Hot Water is then added until the ton- 
tents come nearly to the bottom of the 
neck, and the whirling is repeated for a 
minute. More hot water is a^^ed to 
bring the fat to appoint below the top 
graduation mark ih the neck, and the 
whirling again repeated for a minute. 

The percentage of fat is read off from 
the graduations, the temperature of the 
contents being at a temperature between 
130° and 140° F.,*the temperature of the 
added water being regulated so that the 
fat will be read at such a temperature. 

The first portion of hot water is to be 
run down the side of tlfe neck, the second 
to be dropped through the ^t to deaf 
it. The fat reading is taken from the 
lowest point of the meijiscils. 

the Lefftnam and Beam Method.— 

This is a modification of the Babcock 
method: Leffmann and Beam origin- Fio. 24,, 
ally introduced the use of amyl alcohol Babewk Bottie 
in order to faci^tate the separation fof M'h'Testing, 
of the fat and thus to reduce the time of, ^hirling. 
The Gerber method was based on this process. Bottles 
simiiar in .shape to the Babcock bottles’ are used| 
these are graduated for use with 15 c.e. ortnilk. Three 
c,c. of a mixture of equal parts of amyl alcohd and 
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hydrochloric acid arc added and shaken with the milk. 
Nine c.c. of sulphuric aci^ (96 per cent., specific gravity 
1-842 at 15-5°) are carefully added and mixed with the 
contents so as to avoid sudden overheating .and boiling. 
The surface of the 1 /ljuid is brought near the top gradua¬ 
tion mark by adding a hot mixture of equal parts of 
sulphuric acid and water, the bottle is whirled for one • 
or two minutes, and the clear fat layer is read off from 
the bottom of the meniscus. 

JVote on the Centrifugal Methods .—Of the above 
methods, the Gerber is the simplest avd most convenient. 
The various bottles may occasionally be incorrectly 
graduated and should be tested against bottles known to 
be correct, or one of the more accurate methods; in the 
latter case the divergence should not be more than about 
0-15 per cent. The bottles should be cleaned immedi¬ 
ately after use by rinsing with hot water several times. 
The sulphuric adid must be of the correct strength or 
failure will result. The amyl alcohol should be sub¬ 
mitted to a bjabk test, using -in the Gerber method 
10 c.c. of acid.iio c.c. of water, and 2 c.c. of the alcohol. 
No " fat reading ” should be obtained, and, if this is 
the case, the alcohol will contain petroleum which will 
vitiate the results. 

A large number of determinations may be rapidly 
catjied out by the methods involving centrifuging, the 
results obtained being sufficiently accurate for ordinary 
technical and commercial work. 

Proteins .—^The method of estimation of the total pro¬ 
teins 0? milk by treating 10 grams of milk according to 
•the Kjeldalil process for estimating nitrogen, and calcu¬ 
lating the p'rcentage of nitrogen thus found to proteins, 
by multiplying by 6-37, does not fpve very reliable 



Milk and Futter 27;^ 

results, * the whole of the nitrogen contained ^n the 
milk is not present-as proteins. Better results arc 
obtained by estimating separately the casein and albumin 
by the methods how to be described. 

Casein .—The determination of thi» constituent must 
be carried out on fresh, or nearly fresh, uncoagulated 
jnilk. If the analysis cannot be proceeded with during 
the next twenty-four hours, the sample should be pre¬ 
served as described under the heading of “ Sampling,” 
preferably by keeping it in a refrigerator, but failing this, 
by means of potassium dichromate. 

The methods by which casein is separated from 
albumin and other constituents of milk depend on the 
fact that the casein is salted out, i.e., precipitated, by 
the addition of solutions of certain salts such as aliftn or 
magnesium sulphate, while the albumin is not so pre¬ 
cipitated, excepting in the preseiTce of free acid. After 
the casein has been salted out the albuihin may be pre¬ 
cipitated by the addition of tannic acid, with which it 
forms, like most of the pjoteins, an insoluble compound ; 
it may also be precipitated from thS sq^urated mag¬ 
nesium sulphate solution by bcfiling with a little dilute 
acetic, acid. Both the cas^n and the albumin •are 
estimated as nitrogen b^ the Kjeldahl process.* An 
alterative method consists in jrrecipitating the casein 
by adding a little dilute acetit acid to the diluted milje 
and estimating the albumin in the filtrate by tlie- 
Kjeldahl process. This method is, however, not so 
reliable as the others indicated above, as the casein is 

‘ The Kjeldahl process is descnljed on pp 20 to 2j. For the 
present purpose it is only necessary to use sulphuric acid and 
copper oxide or sulphate as the conversion to a«moilb is effected 
fairly easily. 

A.I.A, l3 
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not always'quantitatively precipitated by itneans of 
acid. 

The American Association of Official Agricultural 
Chemists recommend the following method for the 
estimation of casein in milk :— 

To 5 grams of Jnilk add 50 c.c. of a solution,of mag¬ 
nesium sulphate saturated at 45°, and heat the mixture 
to 45° till the precipitate separates and subsides, leaving 
the supernatant liquor clear. Collect the precipitate on 
a filter, wash two 01 three times with a solution of mag¬ 
nesium sulphate, as used above, at the same temperature, 
i.e., 45°, and, after dr5dng in the steam oven, transfer 
the filter and precipitate to a Kjeldahl digestion flask 
for the determination of the nitrogen. The amount of 
nitrogen found, multiplied by 6'25, gives the weight of 
casein present in the sample analysed. 

An alternative method for precipitating casein (Schloss- 
man) is to dili’tc 10 c.c. of milk with 40 c.c. of water, 
and to add, while stirring, i c.c. of a cold saturated 
solution of alum, when the casein quickly separates. 
If the superhatant liquid is not quite clear a further 
quantity of alum solution, not exceeding 0-5 c.c., is 
added, drop by drop. The casein is then filtered off and 
estimated as nitrogen by the ICjeldahl process. 

For the precipitation of the casein by means of acid, 
the following method is* lecommended by the American 
Cffiicial Association of Agricultural Chemists:— 

Ten grams of milk contained in a beaker are diluted 
with 90 c.c. of water at 40° to 42°, and i'5 c.c. of a 
10 per tent, solution of.acetic acid in water is added at 
once. T}ie mixture is stirred with' a glass rod and allowed 
to stand for five minutes, after which the supernatant 
liquid is'^urld off, and the precipitate washed with 
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cdd wat^ by decantation. The casein is collected on 
a filter and estimated as nitrogen by the Kjeldahl 
process. 

Albumin .—Tho filtrate with washings obtained by any 
of the above hiethods, from the presipitated casein, is 
treated with lo c.c. of a solution of ^ grams of tannic 
acid in 8 c.c. of 25 per cent, acetic acid, which has been 
made up to 200 c.c. with 40 to 50 per cent, alcohol; the 
resulting precipitate is filtered off after settling, washed, 
dried and analysed by the Kjeldahl fawcess. The amount 
of nitrogen found, multiplied by 6-34, gives the amount 
of albumin (and globulin) present in the milk. 

It was stated above that albumin is only precipitated 
from a saturated solution of magnesium sulphate in 
presence of acid. If the casein has been precipitated by 
means of this salt, as in the first of the methods described 
above, the albumin may be precipitated by neutralising 
the filtrate from tlfc cascir with dilute sodium hydroxide 
solution, adding 0-3 c.c. of 10 per centr acetic acid and 
heating in boiling water for ten to fifteenjuinutes. The 
precipitate is collected on a filter and ^inalysed for 
nitrogen, as in the previous method. 

It is, of course, necessary that the filter paper used^for 
collecting the predpitate(>prdleins should be either free 
firomwitrogen or else of known nitrogen content, as it 
is treated together with the proteins in the Kjeldahl 
determination. The tannic acid used should also Be 
tested to make sure that it is free from nitrogen. 

total Proteins by Aldehyde Figure ."—^The following 
rajad method is Richmond’s modification of Steiflegger’s 
process.! It depends on the fact that proteins, combine 
with formaldehyde to form acidic substances which can 

‘ Analyst, 190S, 113, and 1911, 9. 
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• be estimated by titration. To lo or ii c.c. ef milk at 
least 1 c.c. of J per cent, phenol phthalein solution is < 
added, and the milk neutralised with eleventh normal 
(apiiroximately) strontia solution. Two’c.c. of 40 per 
cent, formaldchydt solution are added, and the titration 
continued until die same tint of pink is restored. The 
number of c.c. used in the second titration, multiplied 
by ten to bring it to the acidity degree basis, is known 
as the aldehyde figure or amino acid number. For 
strontia, this number, multiplied, by o-i/o, gives the 
percentage of proteins in the milk, The acidity of the 
formaldehyde must be determined and deducted from 
the result of the second titration. For dccinormal soda 
the factor is o-i()i. In the case of abnormal milks the 
method breaks down, and if the milk is sour, high results 
are obtained owing to the proteins Ijaving been partially 
hydrolysed and thus Resenting mory amino groups to 
react with ttft'^ formaldehyde. Richmond, however, 
found the method to be reasonably accurate so long as 
the milk was not curdled. It,may be pointed out that 
the above faptofs are only applicable to the proteins of 
normal cow’s milk. 

Milk Sugar .—^Two mcyiods will be described for the 
determination of this constituent in milk, the one gravi¬ 
metric and the other opjical. In this connection Chapter 
yill. should be consulted as well. 

Gravimetric Method .—^The process to be described, due 
to Allihn and Soxhlet, depends on the ability of lactose 
to reduce a warm alkaline solution of a cupric salt 
(Fehfing’s solution), the amount of the insoluble cuprous. 
oxide formed under given conditions being taken as a 
measure ^f thy lactose present. The amount of lactose 
corresponding to a given weight of copper or copper 
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oxide, as*obtained by the method to be described, is 
determined by reference to the accompanying tablc„as 
the amount of cijprous oxide precipitated is not strictly 
proportional to the amount of lactose present. Before 
the actual estimation of the lactose in, milk can be pro¬ 
ceeded with, the proteins must be rctnoved as follows 
(Ritthausen):— 

Twenty-five c.c. of milk are weighed out and diluted 
with 400 c.c. of water in a 500 c.c. flask. The proteins 
are precipitated by adding lo c.c. of Fehling’s copper 
solution (containiiig*69'28 grams of CuSO,, sHjO per 
litre, • not the alkaline tartrate solution), and then 

Soxhi.et’s Tabj e for I'indinc the Weuiht of Lactose Corre¬ 
sponding TO A (JiVEN WFIf.HT OF COPJ’KR REDICED 
ACCORDING TO ALLIHN AND SOXHLET'S MeTHOD OF otTER- 

MiNiNG Lactose 
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112*6 

- * 2.55 

188-7 ' 

355 

268*0 

160 

116-4 

2t>0 

192*6 

36s 

272*1 

«t >5 

120*2 


196*4 ♦ 

365 

176-3 

170, 

I2 3 -<I 

270 

200*3 

370 

280*5 

>75 

127*8 

275 

204-3 ! 

375 

,284*8 

180 

>31-6 

280 

io8-3 i 

3S0 

289*1 

185 

* 35-4 

; 285 

J> 2-3 1 

385 

293-3 

190 

> 39-2 

290 

2 >6-3 :j 

390 

297-7 

J 95 

I4.VI 

i 295 

220*3 ' 

395 

302-0 

200 

145-9 

1 300 

224-4 

400 

306-3 

205 

150*7 

1 305 

2^8*3 , 



210 

>54 4 

i 3*0 

232-1 



ai 5 

158*2 

i 315 

256*0 



220 

i6I‘9 

t 320 

2399 



“5 

165-6 

325 

243-8 



230 

169-4 

: 330 

247’7 



235 

1731 

; 335 

251*7 : 




Factor for convert¬ 
ing CuO to Cu = * 
07989. 
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sufficient decinormal sodium hydroxide solution to give 
a neutral or feebly acid reaction. Usually, from 6'5 to 
7'5 c.c. of the alkali solution will be «uficient; in no 
case should enough be added to produce an alkaline 
reaction. 20 c.c.’of a cold saturated solution of sodium 
fluoride are then added in order to remove the dissolved 
calcium salts, the presence of which tends to influence 
the results of the sugar determination. After allowing 
to settle for half an.hour the flask is filled to the 500 c.c.' 
graduation, and the clear solution 'filtered through a dry 
filter. In a deep porcelain dish, 50 c.c. of Fehling’s 
solution (made by mixing 25 c.c. of the copper sulphate 
solution, as used previously, with 25 c.c. of a solution 
containing 250 grams of pota,ssiuni hydroxide and 350 
grams of Rochelle salt per litre) are heated to boiling, 
and 100 c.c. of the filtrate containing^the lactose, obtained 
as just describe, are added. After sfirring, the mixture 
is boiled for eiactly six minutes, and the precipitate 
formed is filtered off on a Gooch crucible, washed with 
water, alcohol and ether, and converted into cupric 
oxide by plsfcing the Gaoch crucible inside an ordinary 
crucible and heating over a Bunsen flame. The amount 
of lactose may then be found by reference to the table. 
In Allihn and Soxhlet’s original method the cuprous 
oxide was reduced to copper and weighed as such in a 
'special tube. 

For a polariraetric method, see Chapter VIII., p. 391. 

Toted Solids. Direct Determination .—^About 2^ grams 
of tfce' milk are weighed as quickly as possible in a 
shallow porcelain dish 2|‘ to 3 ihches wide (milk dish). 
The dish is then heated on the water bath until the 
residue j^ipeals dry; in order to prevent the formation 
• of a skin, Revis’ procedure of adding i c.c. of acetone 
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may be adopted. The dish-and residue is then, trans¬ 
ferred to a water oven and weighed every hour. It is 
not possible tp 4*7 absolutely constant weight, for 
the residue decomposes slightly on prolonged hea'ting, 
as is indicated by its turning brown!. The weight may 
be takdn as constant when the loss is not more than a 
milhgram per hour. For rapid routine work, when a 
number of samples have to be tested, the milk may be 
measured from a pipette graduated to deliver 5 grams 
of milk of specific gravity 1-0320. The time of drying 
on the water bath and in the oven will be standardised, 
so that repeated weighings are unnecessary. 

Cream may be analysed in a similar manner ; Rich¬ 
mond advises the mixing of the cream with its own 
volume of alcohol before drying, and when the r&idue 
is apparently dry, to incline the dish so that the fat does 
not cover the no»-fatty residue. 

The Babcock Asbestos A/c/Aod.—This,ias already been 
described in connection with the estimation of fat. The 
method is recommended by Richmond,*v^ho uses it for 
the determination of total solids alone i>y drying the 
milk on asbestos contained in a crucible. 

Calculation Method .—Jf the specific gravity and fat 
percentage are known, the total solids may be calculated 
by Richmond’s formula:— 

T.S. = G/4 -h- 2 F -t 0-14, 

where G =the lactometer degrees, e.g., for specific gravity 
10321, G =32-1, and F =fat percentage. 

In routine analyses the total solids and thf specific 
gravity may be deteunined, and the fat percentJ^e cal¬ 
culated, or the fat and specific gravity detennined and 
the total solids calculated. The usefaln&fc and relia¬ 
bility of the above formula have been established by 
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numerpus analyses. Tables based on it ard used in 
routine practice. Othe^ formulae have been elaborated 
byl^leischmann and Babcock. 

Sdlids not Fat .—These are very simply ilound by sub¬ 
tracting the fat ftom the total solids. They should 
always be calculated, as they are subject to mucbsmaller 
variations in genuine milk than the total solids. . 

Ash .—Twenty grams of milk or less are weighed into a 
platinum dish and evaporated to dryness on the water 
bath, with the addifion of a few drops of acetic acid or 
alcohol to prevent the formation of a skin. The residue 
is carbonised at a clear red heat, cooled and extracted 
with water. The aqueous extract is filtered, taking care 
that as little as possible of the carbonaceous matter is 
brought on to the filter. The remaining carbon, which 
has now been freed from most of thft mineral matter, is 
burnt to ash, after whifli the aqueous qxtract containing 
the mineral mattbr is returned to the dish and evaporated 
to dryness. The whole is then heated at a low red beat 
until a perfectly white ash is obtained, cooled and 
weighed. , ' 

A simpler method is to ignite the total solid residue 
from 5 grams of milk over,a Bunsen burner till a white 
ash is obtained. To prevent undue volatilisation of the 
salts, a scarcely perceptible red heat should be employed ; 
under these conditions the loss is very slight. 

Other Constituents .—^For the determination of the other 
constituents of milk, such as citric acid and lecithin, see 

the works mentioned at the end of this chapter. 

«• ' 

The Deti^rmination of the Genuineness of Milk. 

The Salq. of Milk Regulations (1901) made by the 
Board of Agriculture provide that " Where a sample of 
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milk (nCt being milk sold as skimmed, or separated, on 
condensed milk) contains less .than 3 per cent, of milk 
fat, it shall J)c presumed for the purposes of the Sale of 
Food and EFugs Acts, 1875 to 1899, until Die contrary 
be proved, that the milk is not gtpuine by reason of 
the abstraction therefrom of milk fat or the addition 
.thereto of water,” and “ Where a sample of milk . . . 
contains less than 8-5 per cent, of milk solids other than 
milk fat, it shall be presumed . . . that,the milk is not 
genuine by reason of the abstraction therefrom of milk 
solids other than milk fat, or the addition thereto of 
water.” The Sale of Milk Regulations (1912) similarly 
places the minimum of solids not fat for skimmed or 
separated milk at 87 per cent. 

Another form of adulteration leading to a deficiency 
in fat, not mentioaed above, is the addition of skimmed 
milk, which, however, practically comes to the same 
thing as abstracting cream. 

As mentioned above, samples below standard as regards 
fat percentage are mosblikely to occur fliying the spring 
and early summer. Deficiency in solidi not fat, may 
occur during the months of July, August, and September.* 
If it can be proved that no adulteration has taken place, 
milk not conforming to the standards will not be con¬ 
sidered as having been sold to the prejudice of the 
purchaser.” In certain cases, as when the fanner fq^ 
his cows for quantity regardless of quality, or partially 
milks his cows (the richest milk is obtained towards the 
end of the milking and thus reserved for the c£^|ves), the 
present state of affairs is hardly satisfactory *to the 
consumer. 

In calculating percentage deficiencies dl.pmounts of 
added water, the above minima must be taken as 
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standards in the absence of a duly authenticated sample 
fronj the same source. Iji this way the figures obtained 
will often be below the truth, and it is yierefore the 
custom to qualify the figures with the words " at least.” 

Deficiency in Fa(\f, calculated as follows : Supposing 
the sample to contain 2-5 per cent, of fat, then the'actual 
deficiency must be assumed to be 0-5 per cent., and the* 

0-5 xioo 

percentage deficiency will be at least -=16-7 per 

cent. • , ^ 

If the Milk has been watered, the sflids less fat will be 
lowered ; suppose the solids less fat to be 8-i per cent. 
The actual deficiency is assumed to be 0-4 per cent., and 

the amount of added water will be at least = ii -8 

• S'l 

per cent. 

Watering will, in the ^st place, be Indicated by a low 
specific gravity ; ^if this is under i-0300,»the sample must 
be regarded with’suspicion, but the real criterion is the 
percentage of solids less fat, as a low specific gravity 
may be due to*a high percentagd of fat. 

If the sample is not boo old, the amount of added 
'water may be confirmed by the percentage of proteins 
as deVermined by the formaMeh{?de titration (see p. 275), 
assuming the normal percentage of proteins to be 3*4. 

Deficiency in Fat owingto removal of Cream or addition 
of'Skim Milk will not be accompanied by a lowering of 
the specific gravity and the percentage of solids not fat; 
on the contrary, these values will b^ slightly raised, for 
the specific gravity of separated nulk containing only 
about O'l per cent, of fat is usually* about i' 035 , and the 
percentage'of solids not fat about 9-0. If the fat per¬ 
centage was reduced to 3-0 by such means, the analyst 
would not be able to supply any evidence of sophistica- 
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tion from an examination of the sample, though anyoni 
detected in the act would b» liable to prosecution for 
not supplyiag the milk as it came from the cow. ^ 

Normal and Abnormal Milk .—Vieth found that the 
proportion of lactose to proteins to.ash in normal milk 
is as 13 to 9 to 2, and Richmond* has confirmed this 
ratio. In abnormal milks the ash content is often high 
and the milk sugar low. Many abnormal milks are low 
in solids not fat. 

The SterA-ising and Pasteurising of Milk. 

The Bacteria of Milk. 

It is a well-known fact that all micro-organisms are 
destroyed when exposed to a sufficiently high tempera¬ 
ture. On this principle it is possible to improve the 
keeping powers of milk by temporarily heating it to a 
suitable temiierature. It was shown, by Pasteur that 
temperatures lower than ioo° could* be employed with 
success in destroying^ most of the micro-organisms of 
milk, and Weigmann has shown thatjnoihentary heating 
to 85° is sufficient to destroy the most*resistant of the 
pathogenic bacteria which are likely to occur in milk. 
Some bacteria, yeasts* aniJ moulds, however, produce 
highly resistant spores which are only destroyed by a 
heating to 115° to 120° for a quarter to half an hour. 
Milk is sometimes sterilised in this way in bottletf^ it 
may then often keep for years, but it has a decidedly 
"cooked” flavour. Continuous or ‘‘flash’’ processes 
for pasteurising in which the milk is heated tb » definite 
temperature for abdut half a minute, are not very satis¬ 
factory for ordinary milk of commerce, /or it is hardly 
possible to submit the imlk to a tempSratufe sufficiently 
high for efficient pasteurisation without giving it a 
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slightly fooked flavour. On the other hand, cream or 
separated milk for butter, margarine, or biscuit making 
may with advantage be pasteurised by the flash process 
at 8o°’to 85°, for any pathogenic bacteria which may be 
present will thus b(j*destroyed. The importance of the 
proper pasteurisation of cream for butter-making Will be 
appreciated in view of the fact that most of the tubercle 
bacilli in milk tend to pass into the cream on separating ; 
as it is possible to determine whether milk has been 
heated to at least 80° or not {see p. 287), the Danish 
pasteurisation law requires that cream for butter-making, 
skim milk, and butter milk (the two last mentioned 
products arc largely used for cattle feeding in Denmark)* 
shall be heated to at least 80°. 

It slfould, however, be noted that if pasteurised milk 
is kept too long, the changes which it will undergo, owing 
to the action of micro-organisms, will have much more 
serious consequen'efs than in the case of unpastcurised 
milk, especially if it was not cooled thoroughly im¬ 
mediately aftei; heating. The reasons for this are as 
follows: In ordinary milk, kept at the ordinary tem¬ 
perature, the relatively harmless lactic acid producing 
bacteria develop at a far n>orc ^rapid rate than all the 
other types of organisms present, and thus effectively 
keep the latter in check. < In tliis first stage of decom¬ 
position, the milk is protected against putrefactive 
decomposition leading to the production of poisonous 
substances, while some time will always elapse before 
sufficient fjec lactic acid has been produced to coagulate 
the milk; even when this has occurred, however, the 
milk will not contain any poisonous substances resulting 
firom the swmng process. The lactic acid produced 
effectively checks the development of the protein hydro- 
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lysing, putrefactive bacteria which only become active iij 
neutral or feebly alkaline media, and it is only after the 
souring process has come to an end (».e., when theYnilk 
contains ab 5 ut*l per cent, of lactie acid), and the lactic 
acid has been consumed by the yeaets or moulds which 
usually follow after the lactic acid iJ'oducing organisms 
have ceased to develop, that the putrefactive organisms 
arc able to develop and act on the milk. 

When the milk has been pasteurised at a high tem¬ 
perature, the conditions arc entirely altered ; the lactic 
acid organisms arc,dcstroycd and leave no spores which 
might survive the elevated temperature. Many putre¬ 
factive organisms (c.g., B. subtilis, or the hay bacillus), 
on the other hand, form highly resisting spores which 
survive the pasteurising process and, on cooling, are able 
to develop in tlu^ absence of lactic acid bacteria. The 
first stage in the decomposition of pasteurised milk is, 
therefore, often due to the developmcyjt of putrefactive 
organisms which hydrol5rse the protefns of the milk into 
the bitter poisonous p^tones, and further into polypep¬ 
tides, amino acids and amines. • 

For these reasons, the “ holder ” process of pastcurisaj 
tion has come into favour during recent years, especially 
in America. This prodbss involves the heating of ^hc 
milk for longer periods at lower temperatures, at which 
some of the lactic acid bacteria survive. Ayers qnd 
Johnston ‘ have found that on heating milk for half an 
hour to 63°, the percentage of lactic acid bacteria among 
the surviving orgamisms is greater than it was among 
the original organisms, but that at temperatdr* above 
767° the lactic aciS orgahisms are mostly, destroyed, 

' " \ study of the Bacteria which surv-ive ^Hsteurisation," 
U.S. Dept, of Agriculture, Bureau of Animal Industry, Bull. i6i. 
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the majority 6f the bacteria which survive being of the 
peptoniSing type. 

Although pasteurisatioli is a useful process when pro¬ 
perly carried out, it must not be looked on'as a process 
for saving milk wljich has begun to deteriorate, for 
objectionable bacteria and bacterial products may have 
been formed which it will be impossible to eliminate on 
heating. 

The effect of pasteurising on milk may be readily 
shown as follows : Several clean tubes of about 200 c.c. 
capacity are plugged at the mouth with cotton-wool, 
and sterilised by heating to about 140° in an air oven, 
for about twenty minutes. They are then allowed to 
cool, without removing the cotton-wool plugs, and nearly 
filled ^ith fresh milk, the plugs being replaced as soon 
as possible after the introduction of the milk. One tube 
is kept unheated, a second may be heated to 63° for ten 
minutes in a water bath, and a third \o 80°. During 
heating the milk'is kept stirred by a thermometer by 
which the temperature is taken, and, after heating, the 
tubes are cooled as soon as posrible in running water. 
The samples rilay then be examined by the reductase 
and fermenting tests as described below, the remainders 
of them being kept in the plugged tubes at the ordinary 
temperature. The acidity and the taste of the samples 
may then be compared after standing for a day or more, 
when it will be found that the unheated milk goes sour 
much quicker than the heated samples, but that the 
sample heated to 80° ultimately develops the most un¬ 
pleasant taste and smell owing to peptonisation. The 
foregoing remarks will also be borne* out by the results 
of the fermenting test, though it must be mentioned 
that good ifiUk containing few bacteria may give a bad 
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result ii^ this test owing to the fewness of fhe lactic acid, 
bacteria present. Even if this be so, the sampld heated 
to 63° will probably yield a gelatinous coagnlum "(see 
above). Tht destruction of most*of the bacteria by 
heating wilf be indicated by the jncrea.sed reduction 
times., 

Test for Pasteurising .—^The following test is that de¬ 
vised by Storch. None of the numerous modifications 
which have been proposed from time to time can be 
said to be improvements on the* original test. Milk 
contains an enzyme known as peroxidase, which has the 
property of causing hydrogen peroxide to oxidise certain 
organic substances ; the visible effect with paraphenylene 
d’amine is a coloration which appears blue in the presence 
of milk casein. This enzyme is partly destroyed on heat¬ 
ing to just below ,80°, and wholly destroyed on heating 
to 80°. It is not destroyed on> heating at lower tem¬ 
peratures, even Tf the heating be prolqnged for half an 
hour, so that the test is of no use for drtecting pasteurisa¬ 
tion carried out at low temperatures. , 

The test is carried out as follows; Tft 5 c.c. of the 
milk or cream in a test tube«add i dr^p of a 0-2 per^ 
cent, aqueous solution of hydrogen peroxide, shake^then 
add 2 drops of a fresh *.per cent, aqueous solution,of 
paraphenylene diamine, and mix again by shaking. If 
the milk has not been heated,*the nascent oxygen from 
the hydrogen peroxide will act on the paraphenyllSie 
diamine, giving rise to a blue coloration within a few 
seconds. If the milk has been heated above 80°, no 
colour will be developed in thirty seconds, whilfe if it has 
only been heated to 78° to 80° a greyish blue colour 
will form in about thirty seconds. This t^^t may easily 
be verified. 
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, Reductase test .—The test which is now to be described 
affords *a means of ascertaining the relative number of 
micfo-organisms present in milk. It has already been 
pointed out that thb alteration in flavburi' and decom¬ 
position of milk, art due to the action of the numerous 
species of micro-ofganisms which grow and reproduce 
in it. It is obvious that the greater the number of, 
micro-organisms present, the quicker will be the decom¬ 
position of the milk. Milk as it leaves the udder of a 
healthy cow contains relatively few organisms, all of 
which are generally of a harmless nature. From this 
moment onwards, however, it is liable to become in¬ 
fected by organisms from the air, or any dirt, fodder, 
straw, etc,, with which it may come into contact. 
Unless, therefore, the greatest care and cleanliness be 
observed in the treatment of the milk, its keeping 
powers will be materially reduced. 

The reductase test depends on the reduction of methy¬ 
lene blue to a colourless substance, the time required for 
the reduction of a certain quantity of the dye by a 
given volume of milk being noted. Although the 
mechanism of the process is not perfectly understood, 
Barthcl and Orla Jensen * have shown that the time of 
reduction as determined by. the method given below 
affords a means of classifying milk according td its 
bacterial contents. 

Test tubes of slightly over 40 c.c. capacity are required, 
these should preferably be strongly made and marked at 
40 c.c. They should be well cleaned-and rinsed in boiling 
water beTore use. The methylene blue solution may be 
made from tabloids specially prepared by Messrs. Blauen- 
feldt & Tvede of Copenhagen. A solution containing 
^ Milchwiftschaftliches Cettfralhlati, 1912, 14. 
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0-07 per cent, of pure methylene blue may be used ; the ■ 
strength of the methylene blue may be determined as 
described by Knccht and Hibbcrt.* Forty c.c. of'the 
milk are introduced into the tube* and l c.c. ctf the 
methylene blue solution is added and mixed with the 
milk by inverting the tube several tinjes, closing it with 
the palm of the hand, which must be quite clean. When 
all the tubes are ready they arc placed in a water bath 
which is kept at 38° to 40°, and the time for complete 
decolorisation noted ii' each case! Barthel and Orla 
Jensen found that ^ the majority of cases milk might 
be classified as follows ;— 

ContuininK OrgamMiis 
l>er c.c. 

Class 1. Decolorised in five and h, 
half hours or longer - - - Under ^ million. 

Class 2. Decolorized in less than 
five and a half hours, not Idhs 
than two hours - - - - J to 4 millions. 

Class 3. Decolorised in less than * 
two hours, not less tjjan twenty 

minutes.4*to ^0 millions. 

Class 4. Decolorised in less flian 
twenty minutes - j - Over 20 milliops. 

The results were checked with reference to gelatine 
plate counts, which, however, .do not always afford an 
infallible means of estimating the number of miga)- 
organisms. The reductase test has been examined by 
Arup,* who found that such discrepancies as do occur 
between the results* of plate counts and the jeductase 
test judged by the above scjieme may be minimised by 

‘"New Reduction Methods in Volumetric j^alysis," 1918, 
Macmillan. 

' Analyst, 1918, i. 

A.i.a. 


>9 
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■carrying out the test at 28° to 29°. This, however, 
pret^udes the test from,being combined with the fer¬ 
menting test described below, but, on the other hand, 
the latter test is the less important of the two for general 
purposes. From t}le practical point of view, the results 
of the test were what might be expected, judging from 
the conditions of working on the farms inspected. 
Fermenting Test. —Peter’s fermenting test is mainly of 
importance in judging the suitability of milk for cheese 
making. Orla Jensen proposes to combine it with the 
reductase test, the type of fermentation being noted 
after twelve hours. The types are as follows : (i) The 
gelatinous type due to the predominance of lactic acid 
forming bacteria ; the curd may be quite homogeneous 
or broken up to a slight extent by gas bubbles. (2) 
The gassy type due to predominance of putrefactive 
bacteria; the curd is 'more or less b’-oken up by gas 
bubbles and almost invariably partly decomposed into 
soluble products owing to the peptonising action of these 
organisms. A aisagreeable smell will be noticed, and 
sometimes the smell of butyric acid will predominate. 
This is the worst t3q>e, and the gelatinous t5q>e is the 
best.'" (3) The curdy or spongy type arises when the gas 
bubbles are very minute ; this type is almost as objec¬ 
tionable as the gassy type. (4) The cheesy type is due 
to_the predominance of bacteria which secrete rennet¬ 
like enz5mties; the curd contracts and clear whey is pro¬ 
duced. This t5q)e is less objectionable than Nos. 2 and 3. 

In judging milk according to thb results of the re¬ 
ductase and the fermenting tests, the results of the 
latter are not taken into account when the milk is placed 
in dasses X <fr 4 according to the former. 

The above remarks regarding pasteurising may be 
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verified ty submitting raw milk and milk pasteurised* 
at different temperatures to the reductase and fermenting 
tests. 

Condensed Mil* 

• 

Condensed milk is manufactured by evaporating fresh 
milk in vacuo at temperatures of about 40° to 50° to a 
quarter or a third of its original bulk. Cane sugar is 
often added as a preservative to prevent the develop¬ 
ment of micro-organisms, so that the product may keep 
indefinitely in closed vessels. If sugar is not added, it ‘ 
is necessary to sterilise the condensed milk after tin¬ 
ning. When condensed milk is diluted with three to 
four times its bulk of water, it gives a product which 
has the same composition and general properties as new 
milk, excepting foi*thc presence j)f cane sugar or invert 
sugar, and a coolsed flavour. 

Before taking the sample for analysi#;' the contents of 
the tin should be well mixed by stirring. After diluting 
in accordance with the instructions on tlJe tin, the deter¬ 
mination of the various constituents may, 4 n some cases, 
be proceeded with as jn the case of ordinary milk, and 
the results calculated baclj to percentages on the ori^nal 
condjnsed milk ; in the presence of cane or invert sugaf, 
special methods, to be described in Chapter VIII., must 
be adopted for the estimation of the carbohydrate. 
An unsugared product may be diluted to a specific 
gravity of i-032 at 15° in the case of whole milk, or to 
I'036 in the case of skim milk. If cane or invert^sugar 
be present, the specific gravity can neither be used as 
an index for diluting the condensed milk to a' strength 
corresponding to that of ordinary milk, W for the^ 
calculation of the solids less fat as described above. 
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In the following table will be found typical analyses 
of different varieties of cendensed whole and skim milk, 
by Buttenberg and others (quoted from (Irimmer):— 




Without Cane Sugar. 

Coodwsed SMm Milk. 


With Cano 






Sugar. 

Evapo- 

Evapo* 

With 

Without 



rated to 


Canc 

Cane 



One-Half. 

Third. 

Sugar. 

Sugar. 

Water . 

27-88 ' 

7670 

66-91 

*i 7-43 

69 0 

Fat 

q-02 

6-8o 

^■75 

0-29 

030 

Proteins 

10-27 

5-89 

8- 9,5 

11-59 

12-4 

Lactose . 

14-20 

913 

1^50 

13-60 

157 

Canc sugar 

^0 06 



44-92 


Ash . . . 

1 

1-97 

1-48 

1-89 

Z-tJ 

2-6 


Carbohydrates .—Besijies lactose af.d canc sugar, or 
sucrose, it is possible that the condensed milk may 
contain invert stigar, i.c., the mixture of dextrose and 
laevulose obtained by the hydrolysis of sucrose. 

The lactose is estimated in' the diluted sample as 
described abol e for ordinary milk. As has already been 
* mentioned, sucrose docs not itself reduce Fehling’s 
solution, and its presence'will therefore not affect the 
determination of the lactose by the gravimetric method. 
Invert sugar, on the other hand, reduces Fehling’s 
Sfclution, and will, if present, be determined together 
with the lactose, in which case it will be necessary to 
determine the latter separately by other methods which 
will b§ described in Chapter VIII. 

The total sugar content may be approximately esti¬ 
mated by subtracting the sum of the fat, proteins and 
,ash, detefihmed in the diluted sample, as described 
above for ordinary milk, ffofh the total solids, deter- 
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mined directly by evaporation, also as described above: 
Subtracting the percentage o^lactose from that of the 
total sugar, the content of sucrose will be found with 
sufficient accuracy for most purposes. If greater 
accuracy is desired, the sucrose d^ust be determined 
separately, .as described below. 

If the amount of reducing sugar found would corre¬ 
spond to a larger proportion of lactose relatively to the 
proteins and ash in the sample than would be expected 
in ordinary milk, then the presence of invert sugar may 
be suspected. If, wn the other hand, the amount of 
reducing sugar found corresponds with a normal amount 
of lactose in proportion to the proteins and ash in the 
sample, but is appreciably less in amount than the total 
sugar, then sucrose may be assumed to be present*. 

Qualitative Testfor S«crose.—Sucrose in condensed milk 
may be detectediy the following method, due to Gayaux: 
10 c.c. of milk (or 0'5 gram of lactoj^ to be tested for 
sucrose, dissolved in 10 c.c. of water) are warmed in a 
test tube with 50 milligrams of rcsorcfli *md 0-5 c.c. of 
25 per cent, hydrochloric acid. The presence of sucrose 
is indicated by a red coloration after boiling for a few* 
minutes, no colour bein^ developed if lactose al<Jne is 
present. According to fochmond, 0-2 per cent, of catie 
sugar may be detected by this^est. 

Calculation of the Composition of the Original Milk, (j/ad 
the Degree of Concentration of the Condensed Milk .—The 
fat contained in the original milk before evaporation 
may be approximately calculated from the pon-fatty 
solids in the conden^d milk, exclusive of cane sugar, 
invert sugar, or other added material. For the purposes 
of the calculation, the percentage of nqn-l^y solids in 
ordinary milk may be assumed to be 8-9. 
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Thei^ the percentage of fat in the originai milk ■= 
Fat in condensed milk x 8-9 
Solids Ifss fat in condensed, miJk 
Or, on the basis of^he protein content of the condensed 
milk, assuming thfe protein content of ordinary milk to 
be 3-4 per cent., the percentage of fat in the original 
milk = 

Fat in condensed milk x 3'4 
Protefns in condensed milk 

,In this way it is possible to determine whether the 
condensed milk has been made from whole milk, or milk 
which has been deprived of its fat, either wholly or in 
part. The degree of* concentration of the condensed 
milkhiay be arrived at by a simple calculation from the 
solids less fat or proteins contained, therein, assuming 
the percentages of these constituents iij. the original milk 
to have been 8-9 and 3-4 respectively. 

Milk Powder and Infants' Foods .—Milk powder, or 
dried milk, i^ gfenerally produced from whole, partially 
skimmed, or Q9m()letely separated milk either by evapo- 
• rating the condensed inilk by passing it over heated 
rollers or by spraying it in a very finely divided con¬ 
dition into a chamber in whicii hot air circulates. The 
former process gives a .flaky product, while the' fatter 
giyes a fine powder which is more readily soluble in 
water. As regards convenience in handling and storing, 
dried milk possesses great advantages over condensed 
milk ; ^^though the product is not' entirely sterilised in 
the process of drying, whole milk powder keeps well in • 
sealed tins, and separated milk powder in wooden boxes 
or barrels»if stcjred in a dry place. The milk fet, being 
'in a fine state of division, is liable to deteriorate if 
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exposedHoo much to air, a circumstance which is said to 
render the spraying process unsuitable for treating whole 
milk. Dried milk has been very favourably reported on 
as a food fo^ infhnts by many authflrities. For tlBs and 
the other reasons stated above, it*is likely to become, 
better known in tlje future. The dietetic value, manu- 
.facture, bacteriology, etc., of dried milk is fully discussed 
in a recent Report to the Local Goverrraient Board.^ 
The following table will give a general idea of the 
composition of dried milk :— 


• 

Per Cent, in 
Whole Milk 
Powder. 

• 

Per Cent, in 
Separated Milk 
Powder 

Moisture . 

2 to 6 

3 to To 

Fat . . .» . 

23 to 31 

0'5 (or more) 

Proteins . , 

23 1(5 26 

30 to 37 

Lactose (hydrated) . 

34 to 41 e 

46 to 52 

Ash . . . 

5-5 to 7-5 * 

% 

7-0 to 9-5 


Cane sugar or sucrose has sometimes»been found_ in 
dried milk, usually in small amounts up to about 3 pel* 
cent. The estimation o^f sucrose in presence of lactose 
is d^ribed in Chapter VlII. • 

Some infants’ foods on the market consist almost 
entirely of dried milk ; small amounts of sodium bicar¬ 
bonate may be added to increase the solubility, sodium 

‘ Reports to the Local Govt. Bd. i. " Upon an Inquiry as to 
Dried Milks, with Special Reference to their use in Infant Feed¬ 
ing." by Coutts (with Appendices), s. "Some invedKgations 
bearing on the Nntritike Value of Dried Milk," by Winfield. 
J. " On the Examination of Milk Powders at J^e Government 
Laboratory." These three reports are bouixl togSther as Fo<^ 
Reports, No. *4. 
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• 

’citrate io increase the digestibility of the curd, while 
varying amounts of lactose may be added to simulate 
human milk. The analysis of infants’^foofls containing 
a starchy basis is described in Chapter Vllt 
Solution in Water -—Milk powder may be “ dissolved ” 
by mixing first with a little cold water to form' a thin 
paste, and then stirring with cold or warm water, which 
is added by degrees. The floury skim milk powders 
generally give with cold water a product which does not 
separate any of the constituents of the milk on standing. 
Other products require warm water, «nd even then give a 
deposit on standing. The fat quickly rises as an oily layer. 

Analysis of Dried Milk.—Water may be determined 
by drying a few grams spread in a flat dish at 100° till 
constant in weight. Fat may be determined by the 
Gottlieb process, as described on p. *63, taking care to 
warm after adding the water and aismonia. Proteins 
may be determift<;d by the Kjeldahl process, using about 
0-2 gram of the sample, and digesting with sulphuric 
acid and copper sulphate or oxide till clear (see p. 273). 
A,sh may be determined by incinerating as in the case 
' of milk (see p. 280). Lactose may be determined in the 
solution as in milk (see»p. ^276). Sucrose. For the 
dbtection and estimation of sberose, see p. 293. Starch. 
This is a possible, though very rare, adulterant of milk 
powder. It is easily detected by microscopic examina¬ 
tion, and the blue colour which it gives with iodine (see 
pp. 304 to 308). Infants’ foods containing starchy matter 
may be,recognised in this way. the determination of 
starch in infants’ foods is 4escrib9d on pp. 311 and 358. 

If the ratio of lactose to proteins to ash is as in nulk 
(see p. 283)<*th9 sample will be genuine dried milk with¬ 
out, at leasts any appreciable addition. Taking the ash 
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in milk Is 075 per cent, or the proteins as 3-4 pjr cent.,- 
the degree of concentration njay easily be calculated, 
and thence Jhe percentage of fat in the original milk. 
Milk powden used as infants’ food ^ould be made from 
full cream milk. 

The'detection and estimation of •preservatives, which, 
•however, are rarely present, is described in Chapter IX. 

The Analysis of Butter and Margarine. 

The composition of butter has already been dealt with 
at the beginning a( this chapter. As a 
rule, the only essential difference be- 
tween butter and margarine lies in the I 

composition of the fat. The same I 

methods as are employed for the deter- 
mination of water, fat, proteins and ■ 

non-fatty solids»in butter may therefore ■ 

be applied to margarine. 1 ■ 

Sampling .—In order to obtain a fair 11 

average sample of butter from a la^e, I 
mass, a sampling iron, such as is shbwi^ I 

in Fig. 23, is generally useef. Two or ■ 

three cylindrical samples are taken in I 

di^erent directions witH the iron, in- H 

traduced into a wide-mouthed glass- I 

stoppered bottle, melted at a tempera- H 

ture not above 40°, and shaken fl 

vigorously until solidified; samples for H 

anal3rsis may then* be taken from the H 

bottle as required., The butter should H 

not be kept too long before analysis, as 1H 

it is liable to alter in composition pn tlH 

the development of rancidity. 

Sampling lion. 
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Water, Fai, and Nm-Fatty Solids .—In Germany the 
minimilm percentage of fat in saleable butter is fixed 
by law at 80, and the niaximum water percentage at 18 
for unsalted and 18 for salted butter* In the United 
Kingdom, no definite minimum fat percentage has been 
laid down by thej law, but, as mentioned above, the 
maximum water percentage is fixed at 16. ’ , 

The non-fatty solids include casein, or curd, and small 
amounts of lactose, lactic acid and inorganic salts derived 
from the milk or crfeam, as well as any added salt or 
boric acid preservative. , 

About 10 grams of the sample are weighed out in a 
beaker, or a crucible of porcelain or nickel, about two 
and a half inches high,* with a small stirring rod, and the 
wateais driven off by heating on a sand bath or asbestos 
wire gauze, taking care not to heat sc^ strongly that loss 
takes place by spirting 6r the curd turn| brown ; heating 
is discontinued iinmediately all the water is seen to have 
been driven oft. The butter should be kept well stirred 
during the heating, which shouljJ not occupy more than 
about ten minutest On cooling, the water is determined 
^by the loss in weight. The fat is then melted at the 
lowest possible temperatur^, and about 30 c.c. of petro¬ 
leum ether, volatile below 60“ are added, mixed with 
the fat and poured off through a tared filter paper or 
Gooch crucible; the residue is washed with successive 
pdttions of petroleum ether till free from fat. The 
filtered fat solution is collected in a weighed flask, and 
the fat is determined after evaporation of the solvent, 
as described on p. 266. The solid residue, consisting 
of curd, etc., is estimated by weighing the beaker 
and the filler after drying in the water oven. 
Having deCermined the water and the non-fatty solids. 
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the' fat ^ay be estimated by difference instead of. 

Fig'^24 shows a balance f 8 r the determination of 
water in butter «r margarine. lo grams of the sample 



Fig 24 —“ Fucoma ” Balance lor deteipining water in 
Butter or Marganne. • 

are weighed into the ^uminium pot,-and the 1 ms m 
weight after driving off the water-is detemmed by 
restoring the balance by plating rider weights on 
beam as has been explained in connection witji the 
Westphal balance on p? 50 - The empty pot may cqn- 
vemiy be balanced by the addition of a little powdered 
pumice, which also serves to facUitate the dnvmg off^of 

the water without bumping. 

SaU and Boric ricW.-These may be extract^ from 
the non-fatty soUds by washing w^thjiot wato, the 
contents of the beaker being washed through the Mte . 
The aqueous solutioii is cooled and made up to a 
volume, and the salt determined in sf aiiquot ^on 
by titrating with dednormal silver ' nitrate solution. 
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. standardised against pure sodium chloride, usifig potfe- 
sium cliromate as indicator. About a half of the total 
solution from lo grams of the original sample will be 
required; the solution must be neuti'al qr feebly acid 
for the titration. Boric acid may also be determined in 
the solution by tb*e method described on p. 413) but to 
get an accurate result it is better to operate on a larger 
amount treated as follows ;— 

At least 25 grams of the butter or margarine are 
heated on the watef bath for fifteen minutes with an 
equal number of c.c. of a solution containing i gram of 
sulphuric acid and 50 grams of sodium sulphate .pef 
litre, the mixture being shaken occasionally. The 
aqueous layer is renlbved by wash bottle tubes and 
passe'd through a dry filter. Five c.c. of the filtrate 
may be used for the salt titration, diluting with 20 c.c. 
of water, and 20 c.c. Tor the boric y.id titration (see 
p. 414). In calculating the results, the water contained 
in the sample must be taken into account. 

Proteins .—^Tlitse may be determined in the non-fatty 
solids by the ^Kjeldahl process (see p. 273); it is only 

, necessary to digest with Sulphuric acid and copper oxide 
or sjilphate till clear. Tlje proteins may be removed 
fi:om the beaker or Gooch crucible by solution in a little 
warm 50 per cent, (by,volume) sulphuric acid;'if a 
filter paper has been used, this may be transferred 
direct to the digestion flask; in this case the blank 
Kjeldahl test should be carried out with the inclusion 
of a similar filter paper. The pertentage of nitrogen 
multifAed by 6-38 gives the proteins. 

The proteins may also be' extracted by warming, say, 
20 grams oj^the sample with an equal weight of a mixture 
»f equal parts by volume of strong sulphuric acid and 
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water, aiW shaking till the add and fat layers separate • 
dearly, taking care to dissolve jip any particles of curd 
which may adhere to the side of the vessel. After 
settling, abovt 8 c.c. of the acid layer are carefully 
removed by means of a pipette, fte bottom of the 
pipetteds wiped free from fat by means of filter paper, 
and* 10 grams of the liquid is weighed into a Kjeldahl 
digestion flask, which may conveniently be of loo or 
200 c.c. capacity. Fifteen c.c. of strong sulphuric acid 
and a little copper oxide are addeS, and the digestion 
is carried on till th» mixture is clear and colourless or 
blue ^ee p. 2o). The number of c.c. of decinormal 
add equivalent to the ammonia formed (less the blank 
value) divided by ten, gives the percentage of protdns 
if the original sample contained from lo to 14 pei*cent. 
of water. The dwision factor is 9-6 for 14 to 19 per 
cent, of water. Jbese factors will give the protein per¬ 
centage with accuracy within the limit^of experimental 
error. 

For percentages of salt and proteins, dnd cqmpo.sition 
of non-fatty solids, see p. 254. 

Examination of the Fat .—^Tfie examination of butter i 
fat has already been dealt with in Chapter III., p. 164 
et se^., where the probleifl of distinguishing margarise 
fats from butter fat, and the detection of the former in 
the latter, has received attention. As a rule, the o^y 
important distinction between butter and margarine lies 
in the composition of the fat. 

Colouring Jlfalter.-^mall amounts of colouring matter 
are added to margarine, and also to butter, in ordtr that 
it may resemble the grass butter of the summer months, 
all the year round. The vegetable djjs Ijfmeric and 
anatto, as well as certain azo-dyes, are employed fdt 



302 Itiaystfiai urganic /inaiysis 

• 

•this pi^rpose; these are harmless, and addetf in very 
sm^l amounts. VariouR methods by which they may 
be detected and i4entified, if desired, are given in 
Chapter IX. ' 
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CHAPTER Vn 

STARCH AND ALLIED PRODUCTS—FLOUR, BARLEY 

AND MALT, ETC. 

Introductory 

• 

Starch is one of the most important and character¬ 
istic products of the vegetable kingdom, not only on 
account of the prominent part which it plays in plant 
physiology, but also on account of its great economic 
value as a food material for animals and human beings. 
A considerable portion of the n 5 n-nitrogenous reserve 
food material of plants is, in many cajps, stored in the 
form of starch. The most abundant supplies of this 
substance are to be fousd in seeds, tubers, etc., where 
it remains as such until it can be assirr^jlated by the 
embryo plant. Starch is one'of the most important 
constituents of the flours ujed in making bread tand 
n^y other common artieles of food, of rice, which 
pracfically forms the staple djet of one-third of the 
human race, of sago, of tapioca, maize and barley, an^ 
of such vegetables as potatoes, beans and peas. As a 
food starch is used together with the nitrogenous, fatty, 
saline and other matter with which it is associated in 
nature. 

Starch which has been sejwated from the other con- 
^ituents of the grain, usually by waslyngijiiith water 
and ievigation, is used, as such, for laundry purposes,* 
303 
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as a thickening material in calico printing, and for the 
prepardtion of adhesive paste. 

As regards indirect uses, starch is of importance as a 
sourcb of alcohol, which results from the action of yeast 
on the sugar produced from the starch through the 
hydrolysing actiop of mineral acids, the enzyme d'astase, 
or certain moulds.* In the manufacture of beer, most of 
the starch contained in the malt is partially hydrolysed 
by the action of diastase (an enzyme or mixture of 
enzymes occurring ili barley and other seeds) to dextrin 
and carboliydrates of a similar nature, only part of the 
starch being converted into sugar which can be fer¬ 
mented to alcohol by the action of yeast. In the manu¬ 
facture. of .alcohol and spirits, on the other hand, the 
starch is practically completely converted into alcohol, 
as indicated above. 

The starches from niaizc, whc.at, rice and the potato 
are usually employed for the direct applications ; barley 
is used in the luanufacture of beer, whisky and other 
spirits, while dextrin and starcl) sugar, for brewing pur¬ 
poses or conversion into alcohol, are generally prepared 
from starch from the potato or from damaged or inferior 
rice^ maize, etc. 

PropertiI'S and Identification of St.arches. 

Starch exists in plant cells in the form of well-defined 
granules, varying in diameter from o-ooz to 0-185 mm. 
(=2 to 185 fi). When viewed under a microscope of 
fairly low magnifying power (about'150 to 300 diameters) 
the giaifliles often show a very characteristic structure, 
consisting of a hilum, or nucleus, surrounded by a num¬ 
ber of cpwi-entric rings. In order to show up these 
‘ These may also eflect the conversion to alcohol. 



in'IsAra^iiire.^hith vaiy with starchtt^ 
.frtMn difierent sources, a small (juantjty of the powdered 
Starch should be mounted in gl)rcerine diluted^ with 
.twice its volqmeVf water, and viewM, if possible, under 
Oblique'illumination. With practice* H is often possible 
to determine the sQurce of a starch A-ora the size and 
jhape of the granules and the relation of the concentric 
rings to the hilum. Further, on examination under a 
polarising microscope with crossed Nicol prisms, many 
starches display characteristic arrangements of dark 
bands, usually giving the appearance of a Maltese cross. 
If a selenite plate be placed between the lower polarising 
Nicol prism and the object, colours will be shown with 
many starches. 

Starch may readily be identified by the characWristic 
blue colour which U gives with iodine. This reaction is 
best carried out ^y adding to a Solution of the starch a 
dilute solution of iodine in potassiuiyiodide solution, 
drop by drop ; or, if the starch is being observed under 
the microscope, a drop*of the iodine solution may be 
placed at the side of the cover slip, so tha^it will gradu¬ 
ally diffuse into the glycerine ib which the granules are 
mounted, when these will be jeen tt> take up a darkj>lue 


colour. 

Tift best method for identifying starches is to obtain 
'a collection of genuine flours, starches or natural pr^ 
‘ducts'containing starches, did when these have been 
fcaicfuUy examined, the unknown starch or mixture bl 
Inarches may be identified by comparison. Help maj 
,‘ jB86 be obtained by consulting the works on micrSscopj 
lil^tioBed at the end of tlfis chapter. The followii^ 

of some’of the conamon ^ai^s may ht 




I Oooid, Shaped.—'PotiAo and arrowrdit siaxcim'.y;,'^ 
potato starch, the Uum circular and situated is 
narrow end of the ^anule ; some of the striations, <k 
fings centring round the hilum, are well marked* In 
arrowroot starch, on the other hand, tjje hilum is usuaUy 
elongated, sometiriies cleft, and situated in thtf'broad 
end of the granule, though these features may not be 
strictly characteristic of all the granules. 

■ Polygonal or Faceted, Starches. —Rice, mai*e and oat 
starches. Rice siarchis easily distinguished by thesmaH- 
hess of the granules. The hilum is central and visible 
under a high power. Some larger rounded granules may 
be found, and sometimes the granules occur in ellipsoidal 
aggreptes. Rice starch closely resembles pepper starch, 
and the detection of rice flour as an adulterant of pepper 
requires close examina.tion. It will be found that the 
granules of pepper starch are not so angular in contour 
as those of rice Varch ; they tend to form aggregates. 
Cocoa starch granules also resemble those of rice starch, 
but are distinctly round in contour; they also tend t<i 
fopa aggregates. ‘ Rice starch will more easily be de- 
itected in cocoa thaq^ in pepper. Maize starch granules 
^e touch larger and rather more rounded than those ol 
irice starch; the hilum is central and distinct, showing rad^ 
lating clefts in most of the granules. Maize starch is 
^nly common polygonal s^ch with granules above t^ 
ph diameter. The variations are usually from 15 to, 30^ 
‘pat starch granulgs are intermediate in shape and 
pietween those of rice and maize. The hilum is ceni^ 
IgeneraUy circular in appearance, and not so distii^fl 
I maize starch. Characteristic ellipsoidal aggregately 
nules Tirili b<i found. , .. ' 




ptdjfpiStl. tbt lulum is distinct/and approji-i 
circular and central. • Ellipsoidal or circular' 
li^egates are ^ot found, but two or more granules 
nay be united in a rod-like ag^egate, the boundary 
letween the granules being indistUKt. The granules ; 
T9sy sShiewhat in ske from 2 to 15 (i* mostly 6 to 10 j*. ■ 
Hit Ve generally larger than those of oat starch, which 
ire on an average about 10 /«in diameter. 

Round Starches. —^Wheat, barley,and rye. In these- 
tarches the hilum dnd striations are not well marked, 
ind will only be seen in some of the granules. The ^ 
ulum usually appears as single or radiating clefts. Small ■ 
U^ules will be observed in addition to the large ones., 
The larger granules of wheat starch are usually from 25. j 
® 30 (it in diameter. Barley starch resembles that of 
vheat, but the latter granules ysually measure 15 to.;; 
S5 (1 and rarely a* much as 30 ji. Hilum and striations 
ire more rare, and some kidney-shaped^granules will be 
ibserved which are not found in wheat starch. Rye 
iarch also resembles wheat starch, but the larger granules, 
neasure from 40 to 50 jr, and the shape it less regular, / 
ome kidney-shaped or elongated granules being found, 

, Bean-shaped Starches.—fieasi, pea and lentil starches. * 
9 em^arch granules are ellipsoidal or kidnej^-shaped and ; 
l^ly regular; they are very large and in most cases i; 
pt^ vnry distinct clefts which may be about 60 (i lony. ' 
^ strmtions are fairly well marked. Pea starch granules 
^- U^Ore irregular in shape, being ellipsoidal, kidney-| 
or globular,* with protuberances; thej ar<s| 
i|^%.than bean stajch granules, being seldom bverj 
diameter, and fewer of the granules show distincu 
^,Thte c<»ic^tric rings are well Lee^m 


JBMiuileii are rathe! smaller than those of 
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'starch.. Clefts and striations may be well mar£ed, and 
some granules with irregular protuberances will be found. 

Mi<yoscoplc examination will be found a useful means 
of determining the origin of starches or flpurs, as well 
• as detecting adult&ation with foreign starches. The 
detection of rice starch in pepper or cocoa has akeady 
been alluded to, and the detection of rice, potato or, 
leguminous flours in wheat flour will be found a fairly 
easy problem with some practice. This matter is dealt 
with further below (see p. 340). 

The microscopic examination of vegetable structures 
is an important feature in the examination of foods and 
drugs, the recognition of the starches which arc char¬ 
acteristic of many products being only a particular 
case. 

Chemically considered, starch is not a definite sub¬ 
stance, but consists of a mixture of two carbohydrates, 
granulose and starch cellulose, or rather, a series of sub¬ 
stances which may be looked on as gradations between 
the two. 

.Starch celklose is a body intermediate as regards 
complexity of structure,' stability and other properties, 
between granulose and ordinary cellulose; from the 
■ Ihtter it differs in being convertible into soluble starch 
by boiling in water or digesting in caustic alkali solution. 
It is insoluble in cold water and saliva, and gives a yellow 
colour with iodine. Granulose, on the other hand, is 
soluble in saliva, and gives the characteristic blue ediour 
with iodine. Ordinary starch is insoluble in cold water ; 
on heating with water, however, the granules begin to 
swell as the temperature approaclies 60°, and on further 
heating t»«ty l>ecome disintegrated and mix with the 
-water, giving a solution which gelatinises strongly oh 
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cooling,"and from which starch niay be precipitated on* 
the addition of alcohol. Tha starch thus obtained is 
soluble in cold^vater, and is usually known unc^er the 
name of soluble starch. The soluble variety is als6 
prodi^fed when starch is heated in closed vessels to ioo°.' 

Considered as a Mnember of the carbohydrate group, 
•stafch ranks after cellulose in point of complexity, 
stability towards hydrolysing agents, and solubility; 
when acted on by ordinary diasjase, it is converted, 
first into dextrin, 'or rather a series of bodies known 
collectively as the dextrins, and ultimately into dextrin 
and the reducing disaccharidc maltose. Taka diastase 
converts it into a mixture of m^tosc and dextrose, the 
proportion of the latt('r increasing with the time of 
action (see p. 312). Boiling dilute mineral acids convert 
starch into dextrifts, maltose, anjd finally into d glucose, 
or, as it is comiwonly called, dextrose. The mechanism 
of these hydrolyses and the natur^of the products 
formed will be further discussed when the methods for 
estimating starch are explained. 


Methods for Estimating^ Starch in Commercial 
Starches, Flours? .Potatoes, Barley, Mav, 
TEtc. 

(l) Hydrochloric Acid Method .—^This method, wh)f:h 
is prescribed by the American Association of Official 
AgriculturaT Chemists (A.O.A.C.), depends on the fact 
that starch is converted into dextrose on boijin^ with 
, dilute hydrochloric acid. The dextrose formed may be 
estimated by means of Fehling’s solution, the polari-, 
;meter, or by the specific gravity of i^ Wtotion, and 
. ;^iin»fehes a measure of the starch present in the sample, 
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u snouja oe noiea xnai a cenain ciass oi gummy oocaca; 
kno,wn as the pentosang, which are often present iii- 
notable proportions in flours, give rise to reducing sugars, 
H.e., the pentoses (sugars containing five carbon atoms 
in the molecule), oji boiling with acids. The mirthod is' 
therefore only api^icable to commercial starcheyfHhich 
have been freed from extraneous gummy matter, sUch» 
as, for example, the starches used for stiffening textiles. 
Even then the method is not accurate, as the results are 
some 3 to 5 per cent, too low owing to the destruction' 
of some of the dextrose by the hydrocliloric acid. 

Three grams of the sample are mixed with about 
50 c.c. of cold water, stirring at intervals for about an 
hour. The insoluble residue is then collected on a filter 
and iflfashed with water until the filtrate measures 250 c.c. 
The residue, which has now been freed from soluble 
carbohydrates, is heated on a water bath for two and 
a half hours wRJi a mixture of 200 c.c. of water and; 
20 c.c. of hydrochloric acid of sjiecific gravity i'i25 


(».«., 2'5 per peht. HCl), in a flask fitted with a reflux 
condenser. The Mxture is then cooled, neutralised with 
'Sodium carbonate, made up to 250 c.c., and filtered, 
through a dry filter. Thei dextrose is determined in an' 
aliquot portion of the filtrate by means of Fehling’S 
solution, as described in Chapter VIII., p. 373. The; 


vfeight of dextrose found, multiplied by 0-9, gives the 
weight of the starch. ; 

(2) Polarimetric Methods. —Lintner’s ^polarimetrid; 

method ^s ,used in several modifications. The starch 
:;rendefed soluble by treatment with mineral add an^ 
.estimated polarimetrically after prpteins, etc., have 
removed fcatn t^e solution. The method has the adviu|| 
%|:age of rapidit^ and is certainly not inferior, tp 
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one as regards accuracy. It is applicable tie 
all starch containing substances, such as cocoa, potatoes 
flohrs, etc., but suffers from the same disadvantage as 
the receding fhethod, any j*ntosans preseht wil 
yielo opticsJly active substances which will count as 
staj^piu. (See also pnder the Taka dlfistase method.) It 
is best to work with fat free material. The modificatior 
described here is that of Thorne and Jeffers,^ which 
was employed by Baker in the analysis of infants' 
foods.® 

Five grams of thg finely ground material are triturated 
in a mortar with lo to 15 c.c. of water, followed by ij 
to 20 c.c. of hydrochloric acid of specific gravity i'i« 
added in quantities of 5 c.c. at # time. The starch first 
forms a viscous mass which soon after becomae thin, 
After standing fqr half an hour, the mixture is trans¬ 
ferred to a aoo^c.c. flask confining 10 c.c. of a 4 pei 
cent, solution of phosphotungstic acir^nd 20 c.c. of the 
hydrochloric acid previously used. Tne mortar is washed 
out with hydrochloric,acid of specifio«gravity i-i, ane! 
♦the contents of the flask made up to 4 he mark with acid. 
of this strength. The mixture is shaken and allowed tq 
stand for at least half an jiour. The function pf the 
phosphotungstic acid is*to precipitate proteins, tannips,, 
etc.* and to, produce a liquid which will filter clear. The; 
polarimetric reading of the filtrate is taken in a 200 mm.,;j 
tube in a Schmidt and Haensch polarimeter using wffite - 
light. Assuming the specific rotatory power of the'- 
., ‘Swob'S*.‘909. 34. 

■J** Reports to the Local Government Board on Puf>li« Healtt 
ind Medical Subjects, "On the Use of Proprietarj- Foods for 
tIitIUlt Feeding,” by Dr. F. J. H. Coutts. 2. " On the Analysis, 
Composition of some Proprietary Foods jpr mants,” by Mr) 
Baker. * 
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soluble gtarch to be + 200®, the percentage of sfarch (P) 
is calculated from the reading {R) by the formula :— 

. p R>^ 40 - 

. P=---g-. 

C 

This method was found by Baker to give results aerate 
to within *0-5 per cent, with mixtures of starch’' and 
casein. In order to allow for the optical activity of the* 
sugars present, the following corrections were made on 
the polarimetric readings before applying the above 
formula:— 

Cane sugar per cent, x 0-028 ad 3 ed to reading 
Dextrose „ „ 0-07 deducted from reading 

Lactose „ 0-07 „ „ 

The, sugars are determined by methods given in the 
next chapter. ^ 

Another method by which the optical activity of 
sugars (and dextrins) is compensated for in the polari¬ 
metric determination of starch is that proposed by 
Baumann and Grossfcld.^ The starch, but not the other 
carbohydrates,' is precipitated by lead tannate, the latter* 
being formed ifi the starch solution by adding to it basic 
lead acetate and tannin solutions ; this permits of the 
necessary control experiment hting made. The method 
is based on Ewers' well-known method for the pcAari- 
metric estimation of starch,* which is similar to the one 
described above. 

(3) The Taka Diastase Method .—This method, due to 
Davis and Daish,® is based on the fact that the enzyme 

< *< -■'•n' 

‘Zeitsdir. fUr Untersuch. Nahr. u. Genussmittel, 1917. 35, ' 
97, abs. J.C.S. 1917, 112, 223. • e 

*Zeit. effentl^. Chem. 1908. 14, 8. and 1915, ai, 232, ati, 1 
^^nalysl, i9oi^and'f.S.C./., 1916, 35, 432. 

Agtie. Science, 1914 , 6 , 152 . " 
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taka diastase converts starch into a mixture of ^extrose 
and maltose, which may be estimated polarimctriqally 
and by cupric reduction. It is fi;ce from the defects 
mentioned ki connection with tl*e methods abeady 
described. For example, Revis anfj, Burnett > demon- 
stratea for the first time by its means that cocoa shell 
•coiitains no starch, a fact wliich is obvious from micro¬ 
scopic examination, whereas judging by the results of 
the hydrochloric acid and polarimctric method, con¬ 
siderable amounts bf starch would be indicated owing 
to the fact that cocoa shell contains substances other 
than starch wliich yield reducing and optically active 
carbohydrates on hydrolysis (sr^ p. 310). The same 
point is illustrated in a paper by Baker and Hulton on 
tj|g "Analytical Examination of Acorns and Horse Chest¬ 
nuts."® The taks, diastase method is also superior to 
O’Sullivan’s metfiod in which ordinary diastase from 
malt is used to convert the starch’^iinto dextrin and 
maltose, for it has been shown by Davis and Daish that 
dextrin is lost by absorption when the proteins, tannins, 
etc., are precipitated by lead acetafe pjior to polari- 
metric examination. For thest reasons the method will 
probably become the stajjdawi one for the estimati«n of 
Starijji in plant material. 

Preliminary Treatment of Material .—If fat is present, 

. it must first be removed ; the dried residue from the {at 
estimation (see pp. 328 and 87) may be made the starting 
point, or the original material, e.g., flour (10 grams), may 
be soaked in absolufe alcohol, digested for a fgw hours 
with about 30 c.c. of ether, filtered, and thfe residue 
washed with ether. 


Analyst, 1915, 40, 420. 
•Analyst, 1917, 42, 351. 
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Material containing much water, such as ";^ote® 
(see taTile, p. 318) or kaf material, should be dried 
Daws and Daish dry leaf material to constant weight at 
100° 'or no” in vacuo over phosphorus pentoade for 
twenty-four hours ©r more. 

The next step is to remove sugars and other Soluble 
carbohydrates, which is accomplished by extraction.'rfit]^ 
alcohol and water. The fat free flour from the alcohrd 
and ether treatment just described is digested with 
about 100 c.c. of alc’ohol of specific gravity 0-90 at 35* 
to 38° for a few hours, shaking occasionally. The alco¬ 
holic solution is passed through the same filter as was used 
for the alcohol-ether operation, and the residue washed 
with alcohol of specific gravity 0-90. Extraction with 
water is necessarj to remove gummy material (pentos^; 
see p. 310) and amylans. The latter are carbohydrMftS 
■having the same empirical formula as starch, but are 
soluble in cold water, and give no coloration with iodine. 
Wheat, for exaniple, contains about 2 per cent, of p 
amylan. The residue from the last operation is digested 
with 500 c.c. of water at the ordinary temperature, and 
then decanted through the filter used previously; the 
residue is transferred to the filter by means 6f water, 
and repeatedly washed with water at 35" to 38°. If 
much gummy matter i? present, prolonged extraction 
and washing with water is necessary. 

Revis and Burnett treat cocoa as follows : Five grams 
of the fat free dry cocoa are weighed into a beaker and 


' thoroughly stirred with 50 c.c. of ro per cent, (by vol.) 
alcohol,'.and filtered by suction on a large Buchn^ 
^funnel. The cocoa is washed with two further portioii| 
50 c.c. ^^jTO per cent, alcohol, and finally with‘|j^^ 
per cent, klcohol (by vo}.). Care shmildj^^y^g 



'liiilSt IlMflcocoa does not sucic dry at any stage, as it will 
then be more difficult to wash and remove from the 
filter. Stress is laid on the importance of the alcohol 
washing for, th? success of the process. Bakef and 
Hulton {loc. cU.) extracted their material with ether and 
wate?^« , . 

, ^laiinisaiion and Conversion of the Starch .—For this 
v^peration, the moist material from the alcohol or water 
treatment is taken. Davis and Daish give the following 
directions ; The starch is gelatinised and rendered soluble 
by heating with 20% c.c. of water in a boiling water bath 
fbr half an hour, shaking occasionally. The mixture is 
then cooled to 38°, and o-oi gram of taka diastase* are 
added together with 2 c.c. of tolhenc. The function of 
the latter is to prevent bacterial action which •would 
interfere with tha results of the process. The diastase 
is allowed to ajt for twenty-fdur hours at 38°, after 
which the solution is boiled to stop«fjjrther action, the 
diastase being thus destroyed.* Th? clear solution is 
decanted through a fil^r into a 500 c<fc. flask, and the 
residue is washed several times with watej, the washings 
being passed through the filter until the volume of fh«i 
filtratc'ls about 475 c.c. lyvc to 25 c.c. of basi& lead 
acetate are added as may be required; a large excess 
beySnd that required to precipjtate all the tannins, pro¬ 
teins, etc., should be avoided. After making up to 
:500 C.C., the mixture is filtered, and 100 c.c. of fhc 
jfiltrate are placed in a no c.c. flask (see p. 135), treated 
^th just sufficient sodium carbonate solution to pre-^ 
-capitate all the lead, and made up to no c.c. •*Ftfty c.c^ 
'bi the filtrate from fhe lea 5 carbonate are used for thb 

Sr-.: . 

, * Obtainable from Messrs. Parke, 

’ a. “ The Destruc*ion pf Milk Peroxidase," p. * 87 . 
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detemination of cupric reduction with Fehling’§ solution. 
(se^ p. 373), while the optical activity of another portion 
is read in a 400 nun. tube. For the determination of 
maltose and dextrose by these means, see the following 
chapter, pp. 373 tjf 379. The amounts of starch corre¬ 
sponding to the dextrose and maltose are found and 
added together : the weight of dextrose is multiplied bj» 
0'9, and that of maltose is divided by i'055. •' 

Burnett and Kevis follow the above process in all 
essentials. The moist extracted cocoa (from 5 grams) 
is transferred to a 250 c.c. flask with boiling water and 
gelatinised with 125 c.c. of water, while 0-05 gram of 
diastase rubbed up with a little, water, and 2 c.c. of 
toluene are used in the conversion. The action is 
stopped by the addition of 10 c.c. of decinormal caustic 
soda solution ; the mixture is then coded to 15°, 100 c.c. 
of water and 10 c.c. of Wiley’s mercuric nitrate solution 
(see p. 391) are !>dded, and finally water is added up to 
the mark, below the toluene. The contents of the flask 
are mixed and filtered. To 100 e.c. of the filtrate, which 
should be col^urlc^s and bright, half a gram of crystal¬ 
lised disodium hydrogen*^ phosphate is added |md dis¬ 
solved. Ten c.c. of caustiosoda solution are then added 
while the mixture is being agitated; the strength of this ' 
solution should be adjusted so that 10 c.c. of it just 
neutralise 4 c.c. of the acid mercuric nitrate solution; 
caustic soda should not be left in excess, and it is prefer¬ 
able that the solution should be left slightly acid after , 
adding the alkali. The contents oTthe flask are mixed.,,? 
and fillerfed, and 50 c.c. of the filtrate are used for the(^; 
determination of the cupric reducing power, the opticaljl 
iwtivity being dejtermined on another portion (see p. 37^fil 
'll^vis and Burnett state that “taka diastase kee]^^^^| 
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in the d&rk, and recommend that a blank experiment 
should be made with it in order that any cupric reducing 
power or optical activity which it may be possessed of 
may be allo.we^ for. They suggdst an allowailte of 
3 C.C. for the volume of the precipitate. 

Bafttr and Hultpn (loc. cit.) found it necessary to 
Repeat the gelatinisation and treatment with taka 
diastase before all the starch in the material examined 
them was converted. 


Flour. 

Introductory. 

The most important of the Starch-containing food 
materials are derived from the grain of the cereals such 
as wheat, rye, m^ze, barley, etc., after removal of the 
chatf (palea; and glumes) by threshing. The coarsely 
ground grain is known as meal, the fi^ly ground grain 
as flour. Special attention is paid t6 the examination 
of wheaten flour, as tljjs is the most important of the 
flours consumed in this country, as«welf as being the 
dearest, and therefore the most likely toTje adulterated^ 
with other flours. ^ ^ 

The following table edrstains results published by tjie 
Unifed States Department of Agriculture, showing the 
average composition (percentage) of the more important 
cereals; a typical analysis of potato is appended. 

The products obtained from the grain of wheat on 
milling may be divided into the flour proper, by which 
is understood the contents of the parenchym^aus cells 
bf the endosperm, and the olfal, which includes the bran, 
sor husk, the germ, i.e., the embryo pl^nt^and fluffy or 
jfebrous matter derived from the cell walls of Ae parenchjK 



mtous endospenn; ” sharps," or " mid^tigs,'’ con^f 
f finely divided bran with particles of germ. The comT 
aercjal valuation of flours varies according to the amount 
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Typical unhuUed 
barley 

Typical American 
maize 
Typical rye 
Typical unhulled 
oats 

Typical rice, 

unhulled 
Typical rice, 

polished . 
Typical wheat . 
Potato 


of ofial which they contain, the highest grade being the 
io-called " pateitt flour ” whicht owing to its fireedom 
from offal, is tfie whitest in colour and most homogeneous 
product: it is appreciated by bakers on account of the ■ 
amount of water which it wSl ateorb and the appearanceJ 
of-the loaf which it produces, tnough as regards nutritive; ■ 
value it is not necessarily superior to the lower grades, j 
" \/holemeal,” or “ Graham,” flour is the product of j 
grinding of the entire wheat grain, including the husl^ 
fmd germ; it should have the same composition as th^| 
^heat grdn itself; containing the whole of the offal, 

Is consideiably darker in colour than patent flour, a;^^ 
^ot being subjected to any sifting process, it contaiKl| 
Iwpanny partvi lest which are distinctly visible. Thp^js^ 
ialled ” entire wheat flour,” orpine meal, istheifft ltefe 


Mpis* 

ture. 

Nitro¬ 

gen 

X 6 - 25 . 

Crude 

Fibre. 

1 

Ash. 

10-85 

II-O 

3-83 

fi '5 

10-75 

10-5 

10*0 

12-25 

1*75 

2-1 

t’-s 

1-9 

100 

120 

12-0 

3-4 

10-5 

7-5 

90 

4-0 

mSM 

H 

7-5 

.12-25 

2-0 

0-4 

2-4 

1-4 

1-75 

i-o . 












jiMa^<J*by removing a portion of the bran and finely 
•grinding the rest of the grain; ^he texture is somewhat 
coarser than that of ordinary or patent flour, the colour 
and general app^ance var5dng sonftwhat, according to 
the amount of offal removed and the f\^ture of the wheat 
from which it is milled. " Entire ” 41 our usually con- 
taiift>a portion of the germ. ‘‘ Standard," or 8o per cent, 
flour, may be classed as an “ entire " flour, representing 
im^r cent, of the wheat grain, and containing the whole 
oFthe germ. The'Manufacture of Flour and Bread 
Order (No. 2) of 1917 made it compulsory to extract 
from the wheat not less than 81 per cent, of flour on all 
millers in the United Kingdom. In April, 1918, it was 
laid down that in the manufacture of Canadian " Govern¬ 
ment Standard Flour " 196 lbs. of flour must be (hilled 
from 25S lbs. of spring wheat instead of from 270 lbs. 
as previously. These measures were due to the scarcity 
of wheat ^^uring the latter period of the jvar. Regarding 
the adtiit' on of flour other than wheat* flour, see p. 340. 

H. E. Cox, in a paper «n the Compositfbn.of “ Sharps ” 
and Brans and the effect thereon of th^Fogd Controller's 
Orders,* gives the following example of the results of 1 


grinding into various grades«of flour, sharps (or osdd- 
linp^, and bran in pre-war days; Flour, Wst, 42 par 
spent,; s^dtjds, 18 per cent.; biscuit, 8 per cent.; 
SS^jings, 2 per cent. Slurps —^middlings, 10 per cent^; 
^ebatse sharps, 8 per cent. Bran —fine, 4 per cent.; 

8 per cent. 

' Households grade " is the commercially lower grade 
flour which is produced teides the patent»gAde itt. 
rnodem process fif roller milling; it is darkish in 
and contains a sniall amount ;of tdye branny 
^ Anidysl, 191a, 4i, S3. 
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»afticlra; ffSm the baker’s pmnt of view, it i* inftriot 
o pateftt flour in bread making. “ Baker’s grade " and 
' dear grade ” are terms applied to similar grades in 
^mertca. " Straight iun,” or "straight g.ade." may be re- 
rarded as a mixture of the patent and household grades. 

’ Special flours m^y be prepared from any of the above 
grades, usually with a view to improving the nut^tive^ 
value. They may contain finely powdered bran, lentil 
flour or banana meal. Germ flours contain added germ 
(usually cooked). 

Much of the above is an abridged version of Dr. 
Hamill’s classification of the various flours on the market, 
included in his report to the Local Government Board on 
the nutritive value of bread made from different varieties 
of wheat flour.^ As is pointed out by Dr. Hamill, it is 
very difficult to set up analytical standards for defining 
any particular grade oi flour, owing to the diffeience in 
composition of wheats from different sources. Com¬ 
parisons of the composition of different grades ;f flour 
can only be ofc value when these are milled from the 
same wheat. = 

The following table, compiled by the United States 
* Department of Agriculture^ shows the variations in the 
cpmp’osition of wheats from different sources 

Per cent. 


Water . . • • 

Proteins 

Dry gluten . 

Carbohydrates 

Ethgr extract (chiefly fat) 

Ash .... 


7 to 14 

8 „ 17 

2 „ 14 
65 .. 76 
0-28 „ 2-5 
I -4 » 2-3 


• ReportSitft the Ix)cal Government Board on Public 
Medical Subjects, Now Series, ^o. 55, Food Report, No. fl| 
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A nutnber of analyses of various flours and other 
milling products obtained fron^different wheat mixtures 
are given in the above report. From these and from 
the figures gjve^l in the next tablet it will be seen that 
the presence of bran in the flour teiljls to raise the con-. 
tent of mineral matter and crude filjre. The presence 
of germ tends to raise the content of fat and protein, but 
usually these increases are comparatively insignificant. 
Jj^erm flours ” may, however, contain as much as 4 to 5 
per cent, of additional protein due'to added gerfii. 

The following tat^e from Wynter Blyth’s ‘ ‘ Foods, their 
Composition and Analysis,” shows the composition of 
variou?' flours of different grades, the original wheat 
from which these are milled, and of the bran. The 
superiority of grade and freedom from bran dicrease 
from Nos. o to 9 


Description of Flotir 
of Varying Grades 
as obtained from 
Steel Roller Mills and 
Bran. 

Per Cent. 
Yield on 
Original 
Wheat. 

Water. 

» 

InsoU 

uble 

Nitro¬ 

genous 

Matter. 

• 

Soluble 1 
Nitro¬ 
genous 
Matter.* 

» 

^at. 

ft 

Carbo¬ 

hydrates 

other 

than 

Crude 

Fibre. 

Crude 

Fibre. 

Ash< 

Original wheat 


I 3‘37 

« 

10-69 

2-93 

1-^ 

80-41 

x-90 

*J-OS 

Flour No. 0 

6-0 

12-56 

8:^8 

3-06 

0-83 

87*26 

tsace. 

0-49 

H 8 • 

6*0 

12-48 , 

8 -f 7 

a-95 

0*97 

86-69 

” „ 

0*52 

» » 6 . 

4-0 

12-39 

, 9'38 

3-00 

1*17 

85-87 

0-02^ 

o* 5 < 

„ « i • ■ 

5 to 6 

11*72 

io*o6 

a- 7 * 

1*30 

75*90 

o-o6 

o*8i 



to 

to 

to 

to 

to 

to 

to 



12*41 

14-34 

3-22 

3-51 

84-55 

103 



30 

10-64 

15-02 

a-55 

4*02 

74*20 

rw 

0*M 

Fine bran 

i6’0 

11-35 

13-50 

3-06 

4-54 

63-64 

8 - 7 » 

«-ss 

Coane bran . 

S'O 

12*37 

« 3-44 

3*17 

3-46 

62-13 

9*79 

8*01 


* Soluble nitrogen, estimated by Weinwurm, according to the method described below. 


The crude fibre is the cellulose vegetable tissue which 
is insoluble in dilute* boiling acid and alkali; it cannot 
be looked on as a definite constituent, the ^ount found^ 
varying somewhat according to the method of estimatioa, ! 
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Many^of the published figures do not include‘the per* 
centages of starch and pQptosans. From what has been 
said in dealing with the estimation of starch, it will be 
gathered that results obtained by the older .methods are 
not very accuratej" The pentosans which may be re¬ 
garded as standing in a somewhat similar relatmnship 
to the pentoses as the starches and celluloses tcv-the, 
hexoses, are mainly present in the sharps or bran portion 
of the grain, and the estimation of these bodies furnisl^, 
an indication of the degree of bolting, i.e. sieving, of 
the flour (see p. 334). 

On examination of the ash, or mineral matter, the 
principal bases which will be found are potash, lime and 
magnesia, and the principal acid, phosphoric acid. The 
nitrogenous constituents of wheat flour may be divided 
into the gluten and the soluble nitrogen compounds; 
they are of importance, not only on account of their 
nutritive value, fcvft also on account of the texture which 
they impart to the bread. Gluten consists mainly of 
two proteins, glihdin and gluteniii. The former is a soft, 
stkky substance \irhich can be pulled out into threads ; 
it may be separated fronf the other constituents of flour 
by cc'-traction with 70 per cent, alcohol, in which it is 
soluble, and by precipitation* from this solution by the 
addition of an aqueour- solution of sodium chloride.-- 
Though soluble in pure water, gliadin is not dissolved 
when flour is treated with water, owing to the presence 
of mineral salts. Glutenin is distinguished by its solu¬ 
bility in very dilute alkali solution; it is of a firmet 
.consisfency than gliadin; the latter imparts tenacity 
the gluten, and on this account ‘bakers usually prefo-’; 
f* flour coctftinjng a high percentage of gliadin. ThA; 
'fareteins other ^ than gluten include a globuKn, wi 
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albumin and a proteose; these are probably of 
greater nutritive value than *the gluten. 


The Ex. 4 mination and Analysis of Flour. 


As has been previously pointed out, the commercial 
vaiife of wheat flour depends on its colour, texture, and 
the amount and nature of the gluten present. The 
Highest grade flours should be practically white, showing 
only the faintest tmge of yellow ; they should possess 
a sweet smell and* be free from branny particles and 
acidity. By the tests and analytical methods now to be 
described, the quality of a flouj may be gauged to a 
certain extent; a great deal, however, depends on the 
appearance of the flour and the loaf which it will make. 
The detection of ^dded foreign matter and foreign flours 
will also be dealt with. 

Gluten Test .—In this test, the gluteij is separated from 
the other constituents of the flour by i-qgchanical means, 
examined and estimate!!. About 30 ^rarns of flour are 
made into a stiff dough with about 12 to c.c. of water, 
and allowed to stand for an hour. The mass is then 
carefully kneaded in a »trc 5 m of running water, over 
muslin, until all the starch has been removed. The fresh 
gluten thus obtained should ofily have a faint yellow 
tiijge and should be of such a consistency that it eftn 
be pulled out into threads ; the gluten from English 


wheat is usually ve^ soft and sticky, having less elas¬ 
ticity than gluten from other wheats. A and 
viscous gluten with \ soapy^ feel indicates the presence 


3?f rye flour ; most of the other common flours also give 
‘Saore or less coloured glutens, thus, thaj fAftfi barley ig 
ipwryiWUS and dirty reddish brown; from oats, dark. 
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yellow; .from maize, yellowish and non-elastic'^; from 
leguminous flours, such as those of the bean or pea,' 
gre3^sh red to green. The presence of rice or maize 
flours may give a granular feel to the gluten (see foot- 
mote, p. 342). A grey or reddish gluten may alsp be 
obtained from infertor wheat flour. After washiilg, the 
gluten is left under water for an hour, after which'fhe 
excess of water is removed as completely as possible by 
pressing with the hai^ds, and the moist gluten weighed. 
It is then dried at 100° till constant in weight, which 
may take 24 hours or more. A'good wheat flour 
will contain from 20 to 40 per cent, of moist gluten 
and about 10 to 18 p?r cent, of gluten dried at 100°. 
When heated to 150°, good gluten swells and assumes 
the appearance of bread. 

The above test, althpugh useful for valuating flour, 
cannot, of course, be looked on as an accurate analytical 
process; the glflfen obtained will contain small per¬ 
centages of nomgluten proteins, mineral matter, fat, 
starch, fibre, etc. 

Total Proteins .—The total nitrogen is determined in 
about 2 to 3 grams of the original flour by the Kjeldahl 
metHbd, as described in Chitpter I., p. 20. The nitrogen 
present as nitrates, which exist in small quantity in 
wheat, will not be converted into ammonia and estimated 
unless the special method is used (see p. 27). The average 
nitrogen content of wheat proteins being iy -6 per cent., 
the nitrogen found should be multiplied by 5'68, in order 
to givq the total proteins. For many other cereal pro¬ 
teins, the factor 6'25 gives a more accurate result,. 
Reference to the last table will show that there is a , 
tendency fbf'thp protein content to increase in passing 
from the Ijigh-grade flours, 'through the lower-grade 
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flours, "to bran. In this connection, however, it must 
be remembered that the protein content of wheat from 
different sources varies within fairly wide limits (see the 
previous tr^blesi). As was pointed out above, thh inclu¬ 
sion of the germ in the flour will n«t materially raise the 
protein content, though if much ejtra germ be added! 
as>in the case of the so-called genn flours, the protein 
content may be raised by as much as 4 to 5 per cent, 
above the normal. 

According to the United Staths standard of purity, 
wheat flour mustf:ontain not less than 1-25 per cent, of 
nitrogen. 

Gliadin .—This may be estimated by extracting the 
flour for 2 hours with 70 pef cent, alcohol, filtering,, 
and determining the nitrogen in an aliquot potion of 
the filtrate. For conversion of the nitrogen to gliadin 
the factor 5-68,should be used.* 

In a good flour the gliadin sho«l<J constitute about 
60 per cent, or more of the total gluten. 

Soluble Nitrogenous Matter. —^Thi»>is estimated by 
Weinwurm as follows : 10 grams of tRe material are. 
treated with 200 c.c. of hot*water and 0-5 c.c of aCetic 
acid, and the whole is Mjfirmed on a water b|lh for 
20 minutes. The solution is cooled, made up to 500 5.C., 
anS filtered; the soluble i^trogen is then estimated 
in so c.c. of the filtrate, which should be evaporated 
nearly to dryness before adding the sulphuric Mid 
for the Kjeldahl estimation. Our knowledge regarding 
the relative digestibility of the various proteins of the 
cereals is somewhat limited, though it may^pwhajK be ’ 
presumed that the* soluble nitrogenous matter as esti¬ 
mated by the above method has greater jiijtritive 
than the proteins of the gluten. Several other metheds } 
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have been de^sed for estimating the digestible nitro¬ 
genous matter." ^ 

W’ater. —One to 3 grartfe of the flour are weighed out 
between watch glassfjs, and dried in a. steam oven till 
no further loss in wejght takes place. 

Shutt and Molon^ 1 find that on drying in an air oven 
at 100°, constant weight is not reached in less thaii^48 
hours, and that higher percentages owing to com¬ 
pleter drying are obtained on heating for 5 hours at 
100° in a vacuum oven in which a, steady vacuum of 
29*5 inches is maintained. In these experiments about 
2 grams of the flour were weighed in small aluminium 
dishes with tightly fitting lids. 

In the United States and Canada; the maximum limit 
for waf;er in flour is fixed at 13 per cent. An unduly 
large proportion of water impairs the^^keeping qualities 
of the flour, besides, of course, lessening its nutritive 
value. , 

AsA.—About 5'grams of the flour^re burnt in a 
crucible, in a muffle furnace, and the residual ash weighed. 
An alternative method which is sometimes used is to 
mix the flour vAth powderfd ammonium nitrate, heating 
the mixture carefully and withdrawing the flame directly 
fusion commences. In this w^y, the flour may be bmnt 
up quickly, without the use of the muffle furnace.' A 
corresponding quantity of ammonium nitrate should be 
hedted separately, and the residue which it leaves, if 
any, determined and deducted from the ash found in 
the actual estimation. 

The amount of ash or mineral matter present in the 
patent and other higher grades of flour is usually under 

0’5 per cent.; households and " standard," or 80 pet; 

» 

. Trans. Roy. Sot.. Canada, 1917, abs. A»alyst, 1918, 293. 
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cent. fl»ur, generally contain between 0-5 and o-p per 
cent, of nuneral matter, while wholemeal majf contain 
between i'5 and 2 per cent., or even more. From a 
stndy of th^ table on p. 321, it will be obvious tifet the 
greater the proportion of bran or qfial left in the flour, 
the more mineral njatter will the latty contain. Accord- 
ingJ;o the United States standard of purity, wheat flour 
should not 5deld more than i-o per cent, of ash. If the 
amount of ash found seems abnormally high in relation 
to the quality of the flour, it is •possible that mineral 
matter has been jdded with a view to improving its 
appearance. Acid potassium, magnesium or calcium 
phosphates may sometimes be added as " improvers " 
in the proportion oflfibout 0-5 p^r cent, of the flour. If 
such additions are suspected, the ash should be pre¬ 
served for furthg- examination. Alum and copper sul¬ 
phate may also be used as improvers, but the quantities 
added will be too small to be detec^c^ by any increase^ 
in the proportifU of the ash. Self-raising flours usually 
contain added sodium bicarbonate and acid calcium 
phosphate, these constituents sometimes "being added in 
the profwrtion of about 3 psr cent. of\he flour. Th| 
detection of added miner^ matter will be dealt, with 
later. 

Starch .—For this estimatioi^the taka diastase method 
is to be recommended (see p. 312). 

If determined by this method, the percentage oi 
starch will probably afford a useful indication as to the 
d^ee of bolting oS the flour, as sharps and bran contain 
.considerably less starch than the flour projlcs. Cox’ 
estimates the percentage of starch in “ pre-war sharps^' 

• at about 25, and in the endosperm of wheat .at about 70, 

1 See Footnote, p. 319, 
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the result* of the Food Controller’s orders,‘he esti- 
nates that the percentage fell to a minimum of i8 in 
harps. It should, however, be noted that .these figures 
vere based on results obtained by Ewer’s .polarimetric 
nethod, which would certainly be too high. 

Acidity .—Twenty grams of the flour are shaken with 
joo c.c. of water at intervals, for 2 hours, the mijfture, 
s filtered, and 50 c.c. of the filtrate titrated with deci- 
lormal sodium hydroxide solution, using phenol phtha- 
lein as indicator. 

According to Wynter Blyth, normal wheat should 
show an acidity corresponding to not more than o-i6 
to 0-25 per cent, of lactic acid. The test is useful for 
detecting the presence 6f unsound wheat in flour. 

Fat!Ether Extract ).—^This is determined by extracting 
about 3 grams of well-dried flour with .ether (see p. 115). 
The extracted material should be preserved for the 
estimation of crude fibre. When the extraction is com¬ 
plete, the ethereal Solution is evaporateH^in a taxed flask, 
the residue dried'-at 105°, and wejighed. 

Although, generally speaking, it may be said that the 
greater the proportion of bran in the flour the higher 
the £^t percentage (see the table on p. 321), this can 
hgrdly be taken as an index of the quality of the flour, 
chiefly owing to the vacations in the fat content of 
flours from different sources. 

tVwie Fibre .—^The following method is generally used 
in England : About 3 grams of the ground sample (the 
residue from the fat extraction m^y conveniently be 
used) arehoUed for half an hour with 125 c.c. of a 2 per 
'ijent. solution of sulphuric acid, loss of water due to 
evaporation^ being continually made up. The mixture 
i is diluted with a few hundred c.c. of water and allow^ 
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to stan^ for some time, after which the bulk of the 
liquid is filtered off, any mattej transferred to the filtei 
being washed back to the qriginal vessel. The re.sidue 
is then boiled wifh 125 c.c. of 2 pei*cent. caustic potash 
solution, diluted as before, and filtcfgcl by suction on a 
Buchner funnel through two pieces‘of hardened filtei 
(paper which have previously been counterpoised against 
each other. The bottom piece is to be used as a counter¬ 
poise in the weighing of the fibre. The whole of the 
fibrous matter is v^shed on to the filter and washed 
with boiling water tiil the washings are no longer alkaline, 
then with a little dilute acid followed by water until the 
washings are no longer acid. It is then washed with 
several portions of methylated spirit, and, if fat is 
present, with several portions of ether. The fibre is 
finally dried to cemstant weight in the water oven. 

The following method is recommended by the American 
Association of Official Agricultural Clfeinists for the esti¬ 
mation of crude fibre in grain, flour* and bye-product 
cattle foods, such as oil cake, etc.: T^o.grams of the 
material are extracted with ether, *or ^he, extracted 
material from the fat determiifation may be used. The* 
fat free material is placc^ in» 500 c.c. flask, and 2Q») c.c. 
of boiling 1-25 per cent, stilphuric acid are added ; the 
flask is connected with a reflu:! condenser by means of 
a rubber stopper; boiling is commenced at once ajjd 
continued for 30 minutes. A current of air passing 
through the liquid may serve to reduce frothing. The 
mixture is filtered, Snd the residue washed wi^i boiling 
water until the washings arg no longer acid; 'it is then 
rinsed back into the lame flask with 200 c.c. of a boiling 
: l-25 per cent, solution of sodium hydrewie, free or 
, nearly so, from carbonate; boiling is commenced aft . 
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once, and continued for '30 minutes, in the same 
manner as directed above for the treatment ydth acid. 
The insoluble residue is'filtered off on a Gooch crucible 
and tvashed with hbiling water until -the ^washings are 
neutral, dried at 110° and weighed ; it is then incinerated 
completely; the Joss in weight thijs occasioned repre¬ 
sents crude fibre. 

The filter used for the first filtration may be of linen, 
glass wool, asbestos or any convenient form giving clear 
and reasonably rapid filtration. The strength of the 
acid and alkali solutions employed should be verified by 
titration, and not merely by the specific gravity. 

According to the United States standard of purity, 
wheat flour should not contain more than 0-5 per cent, 
of crude fibre. As will be seen from the table on p. 321, 
the crude fibre in the highest grades pf wheat flour only 
amounts to traces, and increases with the proportion of 
bran present. provided that a perfectly uniform method 
of estimation is adopted, the percentage of crude fibre is, 
perhaps, the most reliable index^pf the amount of branny 
matter in the flour. The determination is also of im¬ 
portance m the analysis of feeding stuffs for cattle. 

Pentosans .—^The estimaJ,ion of these bodies depends 
pn their hydrolysis to pentosbs by hydrochloric acid; 
the pentoses are converted into furfuraldehyde, olf fur¬ 
fural, by the action of the acid ; furfural is volatile, and 
inay be estimated in the distillate by several methods, 
the best of , which are (a) by the reducing action on 
Fehling’s solution and (6) as the compound formed with 
phlorogfucinol. 

With respect to the significance«'Of the estimation, see 
p. 310, aijd the notes at the end of the description of 
■the process. 
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Phiorogiucinoi manoa .—me loiiowing" procedure is 
adopted by the American Association of Official Agri¬ 
cultural Chemists ; The phloro^lucinol which is to ’be 
used is tested for diresorcinol by ;dissolving a small 
quantity in a few drops of acetic anhydride, heating 
almost .to boiling, ^d adding a few* drops of concen¬ 
trated sulphuric acid. A violet colour indicates the 
presence of diresorcinol; if more than a faint coloration 
is obtained, the phloroglucinol may be purified as 
follows : About 300.C.C. of hydrochloric acid of specific 
gravity i-o6 (12 per-cent.) are heated in a beaker and 
II grams of the phloroglucinol are added little by little, 
stirring constantly until it has almost completely been 
dissolved; insoluble impurities tinay be disregarded. 
The hot liquid is poured into a sufficient quantity of 
cold hydrochloric ^cid of the same strength, to make 
the volume up to 1500 c.c., and the whole is allowed to 
stand for several days for the diresorgin.ol to crystallise 
out. The solution is filtered immediately before use; 
it may be yellow, but tliis is no detriment. 

A quantity of the material which will yield not more 
than 0-3 gram of phloroglucide, is placed in a distilliitg , 
flask with 100 c.c. of hydrochjf ric acid of specific gravity 
l-ofio, and a few pieces bf ignited pumice. The 1 ias]f 
Is heated on a wire gauze so as Jo distil 30 c.c. in about 
10 minutes, the distillate pa.ssing through a small filter 
paper as it leaves the condenser. Each 30 c.c. distilled 
is re^aced by 30 c.c. of fresh acid added from a tap 
funnel in such a way as to. wash down thd material 
adhering to the sides of the flask. When 3^ e.c. of 
distillate have been collected,’ the distillation is stopped, 
and a solution of phloroglucinol is graduahj^ added to 
the distillate, stirring well: the amwmt of phloro» 
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glucinol addecl should be about double the Smount ol 
th,e furfural expected. darkening through yellow and 
green will occur, the precipitate which torms finally 
becoming nearly black. The liquid is triads up to 400 c.c. 
with hydrochlori^cf acid if specific gravity i-o6o, and 
allowed to stand overnight. 

The amorphous black phloroglucide is filtered.off qp 
a Gooch crucible, washed with 150 c.c. of water so that 
it does not suck dry before the end of the washing, 
dried for 4 hours' in the water oven, and cooled and 
weighed in a weighing bottle. Iv'ober, who has made 
a study of this method, gives the following data for 
calculating the amount of furfural, pentoses and pen¬ 
tosans ;— 

T6 the weight of the precipitate is added 0-0052 gram 
to compensate for the loss in washing, in each case. If 
the weight of phloroglucide, w, is linger 0-03 gram, the 
factor for conversion to furfural is 0-5170, to pentoses, 
1-0170, and to jVentosans, 0-8949. If w is from 0-03 to 
0-300 gram, thb factors are 0,-5185, 1-0075 and 0-8866, 
respectively, If w is over 0-300 gram, the factors are 
0-5180,1-0026 and 0-8824 resiwctively. 

i'Ming's Solution Method .—Baker and Hulton * re- 
xommend the following .method : One to 2 grams of the 
material (or 20 to 30 c.c. of the solution) are submitted 
Jo the distillation with hydrochloric acid as described 
above, and a few c.c. of the distillate are tested firom 
time to time by the following method to ascertain when 
all the furfural has distilled over. Ten c.c. of pure 
anilifie are dissolved in 10 c.c. of glacial acetic acid and 
80 c.c. of alcohol {80 per cent.). ■' This reagent produces 
a violet (-lo'orjition with furfural; care must be taken 
‘Anaiysl, 1916, 294. 
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to Tiave Sli much sodium acetate present'that the only 
free acid is acetic acid, as the cojoration is not obtained 
in the presence of hydrochlofic acid ; towards the end 
of the distillation* 5 minutes must he allowed for* the 
coloration to develop. When the thstillation of the 
furfural is complete, .which is usually ihe case when 200 
U> 300 c.c. have passed over, the acidity of ro c.c. of the 
mixed distillate is determined by titration with half nor¬ 
mal caustic soda solution. An aliquot portion of the dis¬ 
tillate is carefully neutralised with caustic soda solution 
so as to avoid local cwcrheating which may occasion loss 
of the volatile furfural. Twenty c.c. of Fehling’s solu¬ 
tion (see p. 374) are used in a total volume of 100 c.c., 
i.e,, 50 to 70 c.c. of the distillate *are neutralised, made 
up to 80 c.c. and treated with 20 c.c. of Fehling’s solution. 
Baker and Hultou, however, recommend the use of 
larger amounts iu the same proportions in order that 
larger amounts of copper oxide may be. weighed. The 
solutions are mixed in a conical flask, \fliich is connected 
with a reflux condenser, asd heated for 35 fliinut es. Heat¬ 
ing in boiling water is rccommendcrl* in jirefercncc to 
heating to boiling over a flamcf for it is shown that tfie • 
blank value obtained witlj Fchling’s solution and sorjium 
chloride alone is greatly reduced by this method without 
affecting the furfural to coppes factor. This value is 
determined by heating together under the same con¬ 
ditions as in the actual determination, the same amount 
of sodium chloride as that calculated to be present in 
the neutralised distillate with Fchling’s solution under 
the same conditions of dilution. The amount t>f topper 
oxide thus found is flcducted from that found in the 
actual determination. The precipitate qf c;qyous oxide 
^ treated as described on p. 277. The'factor furfuraj t 
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copper was found to be 0*3 to 0'32, i.e., 3 mf. of Cu6 
corresponds approximately to i mg. of furfural. 

Koning and Mooij * havc| published tjje following data 
showing how the percentage of pentosams varies in¬ 
versely with the ];)loportion of bolted flour:— 

• « 

(Average figures are given in this table.) 



Water 
per cent.* 

Pentosans 
on Dry 
Material 
per cent. 

Pentosans 
per cent. 
Calcu¬ 
lated. 

Unbolted flour 

14-2 

6-25 

1 

Bolted flour . ... 

I 2 -I 

2-48 


Bread from unbolted flour 

50-22 

6-23 


Bread with 25 per cent, 
of unbolted flour 

49-42 

5-53 

5-30 

Bread with 35 per cent, 
of unbolted flb\}r 

49-33 

5-03 

4-88 


Colorimetri^ Miihod .—Spica * hydrolyses 10 grams of 
tbe fat free flour (see p/ 328) and distils the insoluble 
reside with hydrochloric-acid till the whole of the 
furfural has passed over. The dLstillate is made up 
with 95 per cent, alcohol to make a solution containing 
50 per cent, of alcohol, and this solution is treated with 
a solution of aniline acetate in acetic acid (see above). 
The coloration produced is compared with that obtained 
from a solution of 0-05 gram of futfural in 1000 c.c. of 
50 pef cent, alcohol under similar conditions. Practical 
tests, with flour bolted to yield 60, 80 and 100 per cent., 

• Chem. 'V^&kblAd, 1914, II, 1064, abs. Analyst, 1915. 334. 

.'•Ann. Qum. AppUc,, 1916. 6, 26, abs. Analyst, 
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gave solilltions producing colorations corresponding to 
0-025, 0-152 and 0-225 gram o^furfural respectively.. 

Several methods for the i^etermination of pentosans 
have been discus^d, as this matter,’like the estimation 
of true starch, is a fairly recent defrplopment and one 
which will probably fepay further study. 

The Detection and Estimation of Foreign Matter 
AND Adulterants in Wheat Flour. 

Under this hcadmg the detection of added mineral 
matter, foreign flours or starche.s. and flour damaged by 
fungi, such as ergot, are considered. Added mineral 
matter cannot, as a rule, be detected with any certainty 
by an increase in the ash content of the flour, owitig to 
the variations in afeh content of flours of differing fine¬ 
ness and origin ; ,for this purpose, the special methods 
described below must be adopted, /xldition of foreign 
flours, etc., may sometimes be detected'by the use of the 
microscope, though for this task considefable experience 
is often necessary. In some cases, hUweyer, chemical 
methods are available. 

Alum .—Alum is sometime:, added to bad or sli^tly 
damaged flour by the milh-r or the baker in order to 
improve its appearance; although it is only added in 
verj’ small quantities, which can hardly be injurious tp 
health, its use is prohibited by law in England. Two 
methods are available for the detection of alum in flour, 
4 .f., the logwood method and the chloroform method; 
the latter method also allows of the detection of rmneral 
additions other than alum. 

Logwood Method .—^Tincture of logwood, vdiich should , 
idvays be freshly made, is prepared as follows ; Half a’ 
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gram of fine logwdod chips, preferably cut freshtfrom the 
log, is ihacerated for lo hours in 15 c.c. of alcohol; 10 ex. 
of the solution are poured (^ff and mixed with 150 c.c. of 
watef and 10 c.c, of a saturated solutidn of ammonium 
carbonate. Tlie t(*t should be carried out immediately 
after the addition gf the ammonium carbonate ; 50 grams 
of the flour are made into a thin paste with wajer, a 
few drops of the logwood solution are added, and the 
mixture allowed lo stand for several hours. If alum is 
present a lavender'blue lake will, be produced. The 
colour should persist when the sagiple is placed in an 
oven at 100° for two hours. If only i part of alum 
in 1,000 be present, the flour becomes pink instead of 
avender. In the cast? of a negative result being obtained 
by this test, the absence of alum may be inferred. If a 
positive result is obtained, it is best 1,0 confirm it by the 
chloroform method in order to make sure that the 
coloration is nof due to adventitious clayey matter from 
the millstones ; in the modern process of milling, how¬ 
ever, in which steel rollers are used, the latter source of 
contamination ismvoided. Moreover, the logwood test 
U only obtained in the presence of aluminium compounds 
soluJ)le in water. ^ 

, Chloroform Method. —^This.ibethod also allows of the 
detection of mineral matter other than alum ; a^ men¬ 
tioned above, alum and copper sulphate are only added 
in very small quantities, their function being to increase 
the whiteness of the flour; their use is forbidden by 
law, and it is brit rarely that they^will be found in com- 
merciid'samples of flour. Substances such as acid potas¬ 
sium, magnesium or calcium phosphates, notably the 
latter, ar^_^sed in larger quantities, their function like- 
•wise being to make lower grgdes of flour appear equal 
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to the highest grades ; they are said to ” r.^ake the flour 
bake whiter, while the bread is improved in boldness, 
texture, crust, etc.” Dr. Hamill, in his report to the 
Local Government JToard,* states that he has seen acid 
calcium phosphate added to, and intimately mixed with, 
flour in Jhe proportion of about 0-45^rer cent, of the 
finished flour. Curtel ^ describes a pri'paralion sold under 
tire name " Blanc Flour,” consisting cssenlially of acid 
calcium phosphate, which the makers recommend should 
be added in the propprtion of i per'cent. of the flour. 
Considerable quantities of calcium sulphate may bo 
introduced if inferior grades of calcium phosphate are 
used, especially in the case of self-raising flours, which 
are now usually prei)ared by adding calcium acid phos¬ 
phate and sodium bicarbonate to the flour. As ipen- 
tioned above, the aniount of mineral matter added in 
such cases is usually large enough to be detected by an 
examination of the ash of the flour. In a report to the 
Local Government Board it is recomnu'pxled that bakers 
and millers should insist on a calcium phosphate con¬ 
taining under 10 per cent, of calcium .sulphate. If a 
conspicuous e.xcess of the latter^ be found, 'prosecution’ 
under the Sale o£ Foods and Drugs Act of 1875 might 
be considered. 

The detection of added mineral matt('r by the chloro¬ 
form method may be carried out as follows : 200 grams 
of flour are shaken in a separating funnel with suflicient" 

r Reports to the Local Government Board on Pnlhc Health and 
Medical Subjects, New Series, No. 41), Food Report No. 12, 1911. 

'' On the Bleaching of Flour and the .\ddition of so called ; Im¬ 
provers ' to Flour,” by Dr. J. M. Hanull, and On the f hemical 
Changes produced in Flour by Bleaching,” by Dr. G. W. Monier 
Williams. 

*jinnales des Fahtpealians, 1910, p. 302. 

22 
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chloroform to]^ive a perfectly liquid mixture, atxl allowed 
to staitd overnifjht. The chloroform is of s>ifiicient den¬ 
sity to allow tlio orgiiiiir*cTOstituents of the flour to float, 
wliilS the mineral ntittcr will sink to the! bottom, without 
being dissolved. The solid matter which has collected 
at th(; bottom is carefully renioe-ed through the stopcock, 
shaken a second time with a little more chloroform, and 
when it has subsided again, tjansferred to a watch glass 
so that the chloroform may evaporate. The residue is 
tieated with a small quantity of vyater, the solution is 
s<'parated from the insoluble portion and rdlowed to 
ex’aporale, whim the alnm will separate, if jne.sent, in 
the form of octahedral crystals, which may be. identified 
by examination undrr a low-power microscope. The 
crystals may be dissolved in a little water, and identified 
as alnm by the usual tests. 'I'he residue insoluble in 
water may be examined undr-r the inicrosco|)e, and sub¬ 
jected to a qualitative analysis for metals and acid 
radick's : small omounts of copper salts, either in the 
soluble or insoluble jrortion, may be detecti-d by their 
delicate re.ictionavith potassium fei locyanide. 

' For the detection of cokium phosjihate in flour, Curtel 
(Inc. cit.) recommends the following method, which, in 
principle, is practically idejuierd with the foregoing : 
Five grams of flour are shaken with 40 to 50 c.c. of 
carbon tetrachloride, the mixture is centrifuged, and the 
ilour and the carbon tetrachloride are separated from 
the sediment ; the latter is dissolved in a little nitric 
acid, and tested with a small quantity of ammonium 
molylodate solution ; if the flour contained added calcium 
phosphate, a copious precipitate,.will be obtained; the 
small amount of sediment obtained from unadulterated 
"flours, representing natural impurities, will produce no 
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precipitate. The use of the centrifuge, both in tjiis and 
the foregoing method, greatly liicilitate', tlie separation 
of the mineral sediment fron/the dour. The adi'aytago 
of the two mcthocls just described ties in the fact that 
practically only the mechanically Sdmi.xed matter is 
separated ; moreover, by the use (if such liquids as 
fihloroform or carbon tetrachloride, int<-iaction Ix-tween 
the added mineral matter and the natural constituents 
of the wheat is avoided, such as, {nr examjde, would 
occur between aluih and the wheat phospliates in 
presence of water. • 

Delection of Flour Diviiaiicil by Moiihh.- .After bad 
seasons, flour is liable to contain matter which has bi'cn 
dam.aged by moulds, espirially ergot. ]‘or tlie detection 
of starch which has been alU'cted by moulds, a mnmte 
quantity of the tlAnr may be mounted in a drop of 
glycerol, and exasiined under a low-power miciosco|)e ; 
a drop of aniline violet solution is then'alfowed to difluse 
into the mounting medium, under tlie cover glass ; 
granules which have been damaged by* mould of any 
kind will take up the colour intensely. 

Chemical Mcliwd for Detecting Er"ot. — l lie iollowing 
method is given by Leffnif^nn and Beam ; 'fen gran* ol 
flour are macerated for about 31) minutes with a' 
mixture of 20 e.c. of ether and <o drojis of dilute sul¬ 
phuric acid (i to 5 parts water) ; the mixture is filtereci 
and the residue is washed with ether until the filtrate 
measures 15 c c. This filtrate is shaken up with 5 drojis 
of a saturated solution of sodium bicarbonate. ^ The 
green clilorophyll remains in tfie ether ; the bicarbonate 
solution will remain c/ear if the flour is derived from 
sound grain, but becomes deeji violet jf ‘ergot is 
present. 
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The sale ot 'ergotised flour as good flou» would 
constitute an offence under the Sale of Fdods and 
Drugs Act. 

The Detection of foreign Flours itr "Wheat Flour .— 
According to Wynter Blyth the following have been 
firaudulently added to flour: rye, ri<;e and barley, meals, 
flours from various leguimnosae, such as the bean 05 pea,^ 
linseed meal, buckwheat, potato and some other starches. 
Such additions arc stated to be rare in this country, the 
foreign flours most hkely to be met»with being those of 
rice and the potato; admixtures jof this nature are, 
naturally, most frequently to be met with in practice in 
times of scarcity of wheat. Thus, in 1917, the Ministry 
of Food laid down i<? per cent, as the minimum and 
25 pef cent, as the maximum of flours from other cereals 
to be mixed with wheat flour. An prder in 1918 per¬ 
mitted the use in the manufacture <jf bread of such 
quantities of potatoes as the maker might think fit. 

General Tests.—^ogd extracts the suspected flour with 
70 per cent. ^cOhol, to which 5j)er cent, of hydrochloric 
acid has beei^ added; if the flour is derived from pure 
wheat or rye, the alcohol remains colourless, but tak^ 
up ^ yellow colour if either barley or oats be present, 
orange yellow in presence of pea-flour, and purple red or 
blood red in presence qf mildewed or ergotised vfheat, 
respectively. 

The conclusions which may be drawn from the appear¬ 
ance of the gluten are given under the gluten test. 

The microscopic examination and identification of 
starches Has been dealt with on pp. 304 to 308. The wash 
water from the ^uten test may •conveniently be used 
for roiao%qpi(;examination for starches. 

* Potato SiarcA—Donnfi's test for the detection of 
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potato itarch in wheat flour is carried out as follows: 
The flour is examined in a thin,layer, mounted in water, 
in the usual w|iy, under tj(le microscope; then,, while 
the starch is still under observatioft, a weak solution of 
potassium hydroxide is allowed to diRuse under the cover 
glass. * Under the influence of the alkali, potato starch 
■ granules will begin to swell till they reach four to five 
times their original volume, while wheat starch is scarcely 
affected. In order to render this tfst sharper, it may be 
combined with Lecinu’s subsidence process, when it will 
be possible to detect as little as one part of potato starch 
in a thousand of wheat flour. 

The process just alluded to d^nds on the fact that 
potato starch has a higher specific gravity than wheat 
starch, and will consequently sink in water soonet than 
the latter. One hundred grams of the flour are made 
into a dough wiih water, and the gluten is separated by 
kneading in water; the wash water*is Collected, stirred 
and passed through a sieve to separale the coarser sus¬ 
pended matter, and then allowed to s{and in a conical 
flask until a deposit has formed. * The supernatant 
liquor is decanted while still'turbid, and the deposits 
stirred up with more w%ter u.nd allowed to stand*for a 
short decanting the turbid supernatafit 

liquor, the process is repeated once more, when the 
lowest portion of the final deposit will consist entirely 
of potato starch, if this be present. The influence of 
dilute potassium hydroxide solution on the starch grains 
may then be studie’d by means of the microscope, as 
directed above. 

In bread the starcH granules lose much of their char¬ 
acteristic appearance owing to gelatinisatianron baking, 
but potato starch may be recognised ty the readiness 
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with which it fakes up such stains as raethyleift blue or 
neutral* red.* 

Leguminous Starches .—leguminous starches may be 
detected with comparative ease in wheht ftpur by micro¬ 
scopic examination* (see p. 307). If a thin layer of the 
flour be mounted in a mixture of water and glycerol, in 
the proportion of 2 parts of the former to i of th^ 
latter, and examined under the mieroscope between 
crossed Nicol prisms, a selenite plate being interposed 
between the object and the low* Nicol prism, the 
leguminous starches will show no play of colours, and 
will easily be detected among the iridescent starch 
granules of wheat. Further, if the flour is treated under 
the microscope with a 10 to 12 per cent, solution of 
potasiium hydroxide, it will be possible to dissolve the 
starch of the leguminosae, leaving a characteristic 
reticular tissue, made up, for the most.part, of irregular 
hexagons. • • 

Separation of L’egumin .—Leguminous starches may be 
detected by.tli? separation ofc legumin, a constituent 
peculiar to tljis gloup. Lecanu’s process is as follows: 
> The gluten is separated in the usual manner, as de¬ 
scribed above under the glutfn test, the wash water. 
Which contains the starch, sbluble matter and legumin, 
being collected, passed through a sieve to separate the 
eparser suspended matter, diluted, if necessary, and 
allowed to settle. The supernatant liquid is divided 
into two parts; one of these is allowed to putrefy or 
ferment, spontaneously; with pure wheat flour, lactic 
acid femfentation is the mqst common ; with flours con¬ 
taining legumin, putrefactive femfentation will set in at 

‘Schiltz fids ^ein. Chem. Zeit., 1915, 39, 143, abs. Analyst, 

*« 9 « 5 . » 35 - 
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once. lit lactic acid fermentations, the pfincipal change 
which occurs is the transformation of sugar into lactic 
acid, a change which may ^e followed by noting the 
increasing aciditjf of the liquid; fn putrefactive* fer¬ 
mentations, the proteins are decotpposed. (See the 
account? of the decomposition of milk by micro-organisms 
in Chapter VI.) 

The second portion of the aqueous extract from the 
flour is filtered clear, and concentrated by evaporation 
until a yellowish scilm forms on the surface ; it is then 
allowed to cool, and filtered in order to remove the 
albumen, which, at this stage, will have separated from 
the flour whether it contains lepminous products or 
not. The legumin, if present, is precipitated from the 
filtrate by the addition of a drop of acetic acid, fStered 
off and dried in the steam oven. When dry, legumin 
is of a horny consistence, insoluble in alcohol, not coloured 
by iodine and easily soluble in caustic»alkali or ammonia 
solutions, from which it may be prficipitated by the 
addition of acid. Accoading to LemenSht.des Chenais, 
o-g parts of, legumin in loo parts of flojr, represents 
an adulteration corresponding •to 5 per cent, of added' 
leguminous flour. Too rjuch reliance should, however, 
not be placed on a quantitative estimation of this kind. 

Rice Flow .—Rice flour may be detected in wheat flour 
by a microscopic examination of the starch granules (sje 
p. 306). Wheat starch, in common with the starches of 
rye and barley, shows no hilum or concentric rings in 
the majority of granules, which are nearly circular, and 
flattened in shape. The grapules of rice stardh, on the 
other hand, are polygbnal in shape, as viewed iinder the 
microscope, show faint rings, and under Jugh«iagnifica- 
tion, a starred hilum. Sastine advises staining witH 
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aniline blue or green (as previoudy described), wWch 
will show up the hilumjof the minute starch granules as 
a reddish point. 

In all these mitroscopic examinations, comparison 
should always be,lnade with samples which are known 
to be genuine, as •well as with samples which have been 
purposely adulterated. 

The Examination and Analysis of Barley. 

Barley may vary in colour from whitish yellow to 
brown, the best usually being that of a bright yellow 
colour. If too light, the grain may have been bleached 
by chemical means (sulphurous acid), while if too dark, 
or coloured brown at the tips, it has probably been 
unduly exposed to rain. It should possess a sweet smell 
like that of straw; if musty or mouldy in smell, it has 
probably been badly harvested or stored. The various 
outward characteristics by which the expert judges the 
quality of barlfey will not ba detailed here, and the 
mechanical t^ts'will only be briefly referred to. The 
• student desiring further»information on these points, is 
referred to the works on <the,subject of brewing, men¬ 
tioned at the end of the presbnt chapter. 

Sampling .—Several portions are taken from different 
places and depths in the sack or heap, and well mixed; 
500 grams are then taken as a sample for analysis, whidi 
is preserved in an air-tight vessel. 

Mechan’cal Tests.—The more Snportant mechanical 
tests are 'as follows: (a) Dejiermination of glumes or chaff, 
which shpuld not amount to more than about 7 to 10 per 
cent, of th5,gr^ (Weber). (6) The form and size of the 
'corns may be e'xamined by specially constructed sifting 
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machiifes; (c) the " Sinker ” Test; wheh several hundred 
corns are thrown into water, <jnly about 2 to 3*per cent, 
should float •, ,(d) the relate transparency of the grain 
may be observed by means of apparatus specially de¬ 
signed for the purpose; (e) the wet^ of looo corns (air 
dried). 

Germination Test.—Ahoot 500 corns are placed at the 
ordinary temperature on moist blotting paper between 
glass plates and observed after three days and six days. 
They should all gSrminate at practically the same time. 


Chemical Examination of Barley. 

Water.—The Institute of Brewing method for deter¬ 
mining the moisture content in barley is as follows; 
About 10 gram# of the sample are ground as finely as 
possible in a amall coffee mill, a little of the sample 
having been put through the mill beforehand. Four to 
5 grams are then weighed accurately in a weighing 
bottle provided with a»stopper, or in d'be^ker or crystal¬ 
lising dish provided with a watcR gl^ cover. The 
vessels should be 2 inches In diameter. The samples 
are dried in a boiling water oven for 5 hours, while 
th^ stoppers or covers ate kept on the top of the oven. 
The closed vessels are transferred to a desiccator and 
weighed as soon as possible after cooling. Several pre¬ 
cautions are given: Nothing else but barleys should be 
In the oven, which must be kept ventilated, the door 
being kept closed during the period of drying.. Products 
of combustion from the Jrarners should prevented 
from entering the dven. The samples should be placed 
on the bottom of the oven, away fron%tb^ 4 oor, and the 
shelf of the oven shouM be out of use. Further, if is 
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advised that diAilled water should be used in the oven 
to prevent furring, and jthat a control determination 
should be made on a stock ^ample of bwley with each 
batch." The results should be accurate to within 0‘5 per 
cent. 

The water percentage in barley, which may vary from 
12 to i8, is an important factor in its commercial valua¬ 
tion ; a good barley should contain from 13 to 15 per 
cent, of water. 

Fat .—^The dried residue from the w*dter determination 
is extracted with ether in the Soxhlat apparatus. (See 
p. 87.) 

Barley may contain from about i-6 to 2-6 per cent, 
of fatty matter. Occiisionally, however, the barley may 
have been treated with oil in order to give it a shiny 
appearance, in which case the fat cont«it as determined 
by the above method will be materially iiicreased. 

Nitrogen (Proteint ).—^'fhis is determined on 2 to 3 
grams of barley by the Kjeldahl-Gunning process. (See 
p. 26.) The facthr for converting nitrogen into proteins 
is 6-25. 

I According to Weber, the protein content of barley 
may v^ry from 6 to 18 per cant .,jbut generally speaking, 
a good barley for brewing purposes should contain ^not 
less than 8, and not more,than ii per cent, of proteins. 
A Ipw protein content affects the yeast unfavourably 
in the fermentation process, while with a high protein 
content, the amount of extract obtained from the malt is 
decreased. 

StarcH.—'i)m constituent may be determined on the 
finely ground barley by the methods described on pp. 309 
to 317. 

The percentage bf starch in barley usuaUy lies between 
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70 and 80, and furnishes a measure of tfte proportion of 
extract obtainable from the malt for brewing purposes. 

j 4 sA.—T his may be detained on the finely ground 
barley, as dqgcribed for flour on p. 526. • 

The content of ash in barley usually lies between 
2'5 and 3-5 per cent. 

Ttst for Bleaching by Sulphur Dioxide —Mixed or badly 
coloured barleys may be made to assume a uniform light 
yellow colour by treatment with sulphurous acid. 

Evidence of sueh treatment may be obtained as 
follows: (Weber) ^oo grams of the barley are mixed 
with 100 c.c. of water, stirred at intervals for half an 
hour, and filtered. 100 c.c. of water and a few pieces 
of pure zinc are placed in a beake'r, and sufficient concen¬ 
trated hydrochloric acid is added to cause a moderately 
rapid evolution «f hydrogen. The beaker is covered 
with a piece of §lter paper, the middle of which has been 
moistened with a few drops of lead acetate solution. If, 
after some time, no brown or black stain appears on the 
paper, the zinc and acid are sufficiently pure, and the 
test may be proceeded with. The watejj is ported off 
from the zinc, and the filtrate, from the barley added ia 
its place, together with a little concentrated hydrochloric 
acid Sulphurous acid, if present, will be reduced Ao 
sulpWetted hydrogen by thg action of the nascent 
hydrogen, and a brown or black stain of lead sulphide 
will appear on the filter paper covering the beaker. If 
only traces of sulphurous acid are present, the stain may 
not appear for aboift 10 minutes. 

The Examination aSd Analysis of Malt. 

The value of a malt extract for hre^g purposes 
depends very largely on its diastatic* activity, i.e., 6n 
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the ability of hie diastase which it contains, ‘to effect 
a rapid conversion of.thf starch into maltose and 
dextrin. 

Before the ’detenhination is descrilied. .a few words 
may be said regarding the preparation and composition 
of malt. Malt is prepared by steeping barley in water 
and then allowing it to germinate at a suitable tempera-* 
ture; during this process, diastase, as well as other 
enzymes, are formed in order that the starch may be 
converted into soluble products which can be assimilated 
by the growing embryo. Before germination has pro¬ 
ceeded to any extent, the vital processes are stopped by 
drying and curing the prain in a kiln ; the action of the 
diastase on the starch and other carbohydrates is thereby 
stopped for the time being, to be continued when the 
malt is subsequently made into a fiiash with water. 
During the drying process, various substances are formed 
which impart colotlr and flavour to the malt and to the 
products prepared*from it. 

Malt varies.in'colour from light yellow to dark brown, 
according to tjie o’rigin of the barley and the degree of 
•the curing, or drying. It should be crisp and white 
insida; its diastatic activity jlepends very largely on 
the freshness and quality of the grain from which,it is 
prepared, as well as on the degree of curing. 

.The following typical analysis, from Blount and 
Bloxam’s "Chemistry for. Engineers and Manufac¬ 
turers,” will give an idea of the approximate com¬ 
position pf barley and malt; the most noticeable differ¬ 
ences, ‘on*the analytical figures, between barley and 
malt are the lower proportion of ^ter and the higher 
proportion tof soluble carbohydrates contained in the 
litter. Farther, malt usually contains slightly less 
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fatty matter, and more soluble nitro^erf compounds 
than barley. • 


— 

- 

Barief . 

. , Malt. . 


Per cent. 

*• Per cent. 

Water" . 

' I4-I 

• 5-8 

•Proteins . 

10-6 

I 3 -I 

Fat . . . 

2'1 

17 

Carbohydrates . 

, 637 

. 65-4 • 


(mainly starch). 

(about 4 being fer- 


• 

mentable sugar) 

Fibre 

7-1 

ii‘6 

Ash . 

2-6 . 

2-6 


Sampling.—Se% under the Examination and Analysis 
of Barley. 

Mechanical Tests .—^Tests similar tj those enumerated 
under (6) to (<5 on p. 344, for barley, ^e applied also to 
malt. 

Chemical Examination of Malt. 

• 

Water .—^This may be d^ermined by drying about 
S grams of the finely ^lowdcred malt in a wefghijg 
bottfe, as described for barley on p. 345. 

Freshly cured malts may contain firom about l to 3 
per cent, of water, while malts which have been stoftd 
for any length of time, may Contjln fi'om 4 to 6 per cent., 
or even more. Malts containing more than 6 per cent, 
of water may ushally be regarded as inferior aft quality, 
yielding beers of poor taste ind keeping qualities. Pale, 
or lightly cured malts generally contain subtly more 
water than dark malts. ,Malts which are known to have 
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been stored for •. long time and which contain Ifcss than 
3 per cent, of water should be regarded with suspicion, 
as they may possibly have^en subjected to an ejrtra 
drying. 

Preparation of Extract .—^An important feature in the 
valuation of malt fcf brewing purpose? is the preparation 
of an aqueous extract for chemical and phsrsical examina-, 
tion. Great care should be taken in carrying out the 
following directions, as the analytical results are likely 
to be influenced by appwirently trifling differences in the 
method of preparing the extract. Tfee directions, given 
by Weber, include a " saccharification test." 

For the preparation of the mash, a 500 c.c. beaker of 
nickel, aluminium or bffass will be required. The clean, 
dry beaker is first weighed together with a thermometer, 
and the weight noted. A little overt-So grams of the 
malt is ground to a fine powder, and eijactly 50 grams 
of the powder wcigjied out in the beaker. 200 grams 
of water at 48° to 50° are added, and the .beaker is im¬ 
mediately placed <in a water bath at 45°, and kept at 
this temperature far half an hour ; the temperature is 
yien raised at the rate of ,1° per minute up to 70°, and 
kept at this point for 1 hpur; throughout the whole 
mashing process, the contents-of the beaker should be 
gently stirred with the thermometer. After the mash 
has been kept at 70° for 10 minutes, a drop is removed 
and tested for starch by mixing with a drop of iodine 
solution on a white tileif'a red or blue coloration is 
produced, the whole of the starch has not yet been con¬ 
verted i».tb«dextrin and maltose, and the test is repeated 
every 5 minutes until no coloration is obtained with 
iodine. 

.The time from the moment at which the temperature 
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of the ipash reached 70° to the complex Bisappearance 
of the starch is noted (Saccharification Test). With 
pale, lightly cured malts, M high diastatic value, the 
time for “ saccharificatioi/” is i^ually. about 10 to 
15 minutes, with intermediate mal^, 15 to 20 minutes, 

and with dark malts, which ha\1: somewhat lower 
• • • 
diastatic values, owing to the heavy curing, 25 to 30 

’ minutes. 

When the saccharification is complete, the material 
adhering to the sidgs of the bcakei»is loosened by means 
of the thermometer and use of a wash bottle, and the 
temperature kept at 70° until the hour is up. The beaker 
is then removed from the water bath, and 200 c.c. of 
distilled water are added, or corrsspondingly less if much 
water was used in loosening the material adhering^to the 
sides of the beakgr. The whole is cooled to under 20°, 
the outside of the beaker wiped dry, and the weight of 
the contents made up to exactly 450 grams with water, 
the weight of the empty beaker and thermometer having 
previously been determined as directcxi. The contents 
of the beaker are well mixed and brpught on to a dry 
fluted filter ; the filtrate, or wort, as it is called, may now 
be used for the determinations of extract, sugar, nitrogen, 
ash and phosphoric acief, pnd depth of colour. If is of 
inteftst from the point of view of the brewer to note 
the odour of the wort and whether it filters clear or 
turbid. ■“ 

Determination of Extract .—specific gravity of the 
wort at 17-5° is determined by means of the pyknometer. 
A float specially* designed for the purpose may •also be 
used, though the r^ults obtained by this method are 
less accurate. The percentage of extract by weight may 
then be found by calculating the speciic gravity to the 
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basis watei = subtracting looo and dividing by 4 - 
(Cf. p. 369-) 

It now remains to calciAalfc the percentage of extract 
on the malt itsejf (air.dried) the anhydrous malt. 

Suppose the wort ^0 contain 8-o per cent.' of extract, 
'and the malt to contain 5-0 per cent, of water. 

One hundred parts of wort will then contain 92 p^s 
of water. The weight of mash before fUtering was 450 
grams, consisting of 400 grams of water, and 50 grams 
of malt. As the 50 grams of malt cqptained 2-5 grams 
of water, the total water in the 450 grams of mash was 
402-5 grams. Now in the water, 92 parts of wort corre¬ 
spond to 8 parts of extract, so in the mash, 402-5 parts 
, of water will correspond*to 

. 8-0 X 402-5 . t ^ i. 

• - -—- = 35-0 parts of extract. 

92-0 ^ 

Thus, 50 grams of malt yield 35 grams of extract, there¬ 
fore the malt will.yi9ld 70-0 per cent, of extract. 

As 100 parts of malt consist of 5 grams of water and 
95 grams of anhydrous malt, the anhydrous malt will 
•- yield 

70 X — » 73-7 {)er cent, of extract. 

I * 

The yield of extract on the-anhydrous malt usually 
lies between 72 and 80 per cent. 

It is of interest to the brewer to know the yield of 
extract obtainable from malt, as this, together with the 
added brewing sugar ‘ (invert sugar or glucose) con¬ 
stitutes the fermentable material used in the brewing 
of beer. ‘ the yield is usually stated in lbs. per quarter 
(28 lbs.). 

^ Brewer's "i^^jicpjie " contains, besides dextrose, maltose and 
dextrin. 
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Sugai^—A portion of the wort, obtaiilfed as described 
above, is diluted to ten tim^ ijs volume, and the sugar 
determined as described oiyp. 373. (See also p.,374.) 
The copper oxidd obtained may oe Converted to maltose 
by reference to the table on p. 377. *, 

In order to find the percentage of sugar in the extract, 
.the percentage of extract by volume in the wort is found 
as described on p. 352. Having determined the sugar 
in a given volume of wort, the sugar in the extract 
corresponding to this volume of wort is easily calculated, 
and hence the percentage of sugar in the extract. 

Subtracting the percentage of sugar in the extract 
from 100, the percentage of matter other than sugar in 
the extract is found. 

' According to Weber, the ratio of the sugar to dxtract 
less sugar, varies* from i : 0-4 or 0-5 in pale (Pilsner) 
malts, to 1: 0’64>r 07 in dark (Munich) malts. 

Nitrogen. —Twenty-five c.c. of th* wort, obtained as 
described above, are evaporated to* a syrup, and the 
nitrogen, and hence the proteins, ddferpiined in the 
latter by the Kjcldahl-Gunning proc&s, ^ described on' 
p. 26. As in the case of malt,•the factor for convertingf 
nitrogen into proteins is^fi-aj. 

The percentage of nitrogen, calculated on the extract, 
varies firom 0-5 to 0'8, and the proteins fi-om 3 to 5. 

The nitrogen may also be determined direct, on yie 
finely g-ound malt. 

Although both in barley ani malt the whole of the 
nitrogen is not present as proteins, the determination 
nitrogen is nevertheless of,value when used compara¬ 
tively, especially in its bearing on the physiology of the 
fermentation process. 

Ash .—^Fifty c.c. of the^wort are evaporated to dryneSs 
A.I.A. , 23 * 
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in a weighed pMinum dish, and the residue incinerated. 
(See p. 326.) , 

•The content of ash in fee extract (calculated as 

explained above for 'sugar) Varies from 1-4 to i-g per 

cent. > 

• ( 

Acidity of Maft.-vOne hundred grams of finely pow¬ 
dered malt are well mixed with 400 c.c. of 20 per cent., 
alcohol, and allowed to stand for 6 hours, the mixture 
being shaken from time to time. The mixture is then 
filtered, and 100 c.c.* of the filtrates are titrated with 
dednormal sodium hydroxide or bacyta solution, until 
a drop brought on to a piece of sensitive blue litmus 
paper no longer produces a red coloration. The number 
of cubic centimetres of*decinormal alkali used is calcu¬ 
lated t» lactic Mid by multiplying it by 0-009. 

The percentage of acid, calculated as lactic acid, in 
malt, varies from 0-15 to 0-4. , 

Determination of the Diastatic Activity (Lintner Value) 
of Mall} —^This determination is based on KjeldahTs 
observation thafSn malt diastas^conversions, where the 
""amount of ma^ose'formed does not exceed 45 per cent, 
of the starch originally psesent, the amount of maltose 
produf ed in a given time nuiy be taken as a measure of 
the activity of the diastase selution used. The actual 
method described is due Jto Lintner. In the first place, 
the preparation of soluble starch and the malt extract 
will be described. 

Preparation of Solubk Starch.—Tids may either be 
obtained ready-made or prepared as*follows: 100 grams 
of purifieS* potato starch are digested with 500 c.c. of 
dilute hydrochloric acid of specific gravity 1-037, 
ordinary tepyjei^ture, for 7 days, the nuxture being 
' See elio'the Saccharification Teat (p. 350). 
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stirred daily. The mass is then washed repeatedly by 
decantation, first with tap watf r and then with'distilled 
water, till all the acid has?been removed. When the 
moist starch, giv& no acid ^eactfonnvhen'spread on blue 
litmus paper, a few drops of dilute s^monia are added, 
and the starch again washed by decantation until all 
.the ammonia has been removed. It is then collected on 
a Buchner funnel, sucked as dry as possible, spread on 
a porous plate and dried at a gentle heat {about 30°). 
When required for hse, the pulverised starch is dissolved 
in boiling water to make a 2 per cent, solution which, on 
cooling, should be perfectly mobile, and not gelatinous, 
as would be the case with a solution of untreated starch. 
Its action on Fehling’s solution, on boiling, should be 
negligible. 

Preparation of*MaU Extract. —^Twenty-five grams of 
the finely ground malt are extracted with 500 c.c. of 
distilled water for 3 hours at «i*, agitating the 
mixture from time to time. The whnle is then filtered, 
the first 100 c.c. of the filtrate beiilg rejected. The 
extract obtained should be perfectly (!lear,and bright. 

The actual determination of diastatic activity is carnedp 
out as foUows: Portions of *o c.c. of a 2 per cent.solu- 
tion of soluble starch are measured out in eight care¬ 
fully cleaned test tubes, which.are placed in a suitable 
stand and inunersed in a water bath kept at 21°. Whfn 
the starch solution has reached the temperature of the 
bath, O'l c.c. of the malt extract to be tested is measured 
into the first tube, d-2 c.c. into the second, o-^into the 
third, and so on,*to the eighth tube, into whfbh'o-S c.c. 
will be introduced, in examining pale malts, f.e., malts 
which usually have a relatively high^q^tatic power 
owing to the lightness of the curing, it'is recommenddB 
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to dilute the eitract obtained as directed abtfve with 
an equal volume of water, ^d to add it to the starch 
solution in the tubes, in amounts of 0-2 c.c., 0-3 c.c., 
0'4 C.C., etc. ;• in tfiis'waj^ greater accuracy will be 
attained. The tubj* are allowed to remain in the water 
bath at 21°, for eKactly one hour from the time the 
extract has been added. Five c.c. of mixed Fehling’s, 
solution (see p. 373) are then added to each tube, and 
after shaking the tubes are heated in boiling water for 
10 minutes and allowed to stand ‘until the cuprous 
oxide has settled. Usually the liquid in one of the tubes 
is faintly blue, showing that the maltose present was 
insufficient in amount to effect the complete reduction 
of the cupric salt present in the 5 c.c. of Fehling’s solution, 
while ttie liquid in the next tube of the series is yellow, 
owing to over reduction. In this way the amount of 
malt extract, which is just sufficient to, produce, in the 
given time, the quantity of maltose to reduce 5 c.c. of 
FeUing’s solution,* may be estimated. Thus, if tube 
No. 2 is as mucit under reduced as tube No. 3 is over 
reduced,-then jthe ■amount of malt extract sufficient to 
cause complete reduction may be taken at 0-25 c.c. {i.e., 
if tulje No. 2 contained o-* c.c., and tube No. 3 con¬ 
tained 0-3 c.c. of the extract). If the liquid in one of 
the tubes is neither blup nor yellow, then the maltose 
fofmed therein will have been just sufficient to cause 
complete reduction. 

Complete reduction by o-i c.c. of malt extract corre¬ 
sponds to a Lintner value of 100. If X is the quantity 
of malt*extract required for complete reduction, in cubic 
centimetres, then the diastatic activity of the malt. 
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Froiffthe figure thus found, it is usnfcl to deduct i‘5, 
to allow for the reducing sugars present in fhe malt 
etrtract. If the extract has been diluted with an equal 
quantity of water, then half thd vWume-actually'added 
must be used for the purposes of the calculation. 

Diastatic activities of over 8o sit considered high, 
und^r 50 tow. 

The modification of the above method adopted by the 
Institute of Brewing is as follows: The details are as 
described above, excepting that foo c.c. of the soluble 
starch solution arp treated with 3 c.c. (more or less 
according to the diastatic activity) of the 5 per cent, 
extract to be tested. After i hour at 21°, the action 
is stopped by the addition of io*c.c. of decinormal soda 
solution, and the whole made up to 200 c.c. The amount 
of maltose present is determined by titration with Feh- 
ling’s solution. ^ When o-i c.c. of the 5 per cent, extract 
produces enough maltose (0-04 gr^) to reduce com¬ 
pletely 5 c.c. of Fehling’s solution, the material' is said 
to have a diastatic powi;r of 100. If o-<‘c.c. are required, 
the diastatic power is 50, and so on. • 

Cohur of the Wort .—^The d^pth of colour of the vlbti, 
obtained as described abov% is determined by means ol 
specially designed colorfmeters, comparison being made 
witlJ the colour of iodine solutions of known strength. 

Infants’ Foods. 

In the previous chapter onlyqjreparations made from 
milk were considered. From Dr. Coutts’ Report (foot¬ 
note 2, p. 311) if will be seen that there are mfly fodS" 
on the market for which extravagant and misleading 
claims are made. Such are those whjph contain large 
amounts of starch, being chiefly compSsei of flour, e.f., 
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wheat or oatmaal which may or may not have been 
baked. *As starch is nnsnitable as food for young infants, 
at any rate up to the ageVof six months, the present 
position regarding the Sale Af infants’ foods is unsatis¬ 
factory in view of the ease with which the public may 
be misled by printed statements. Sqme of the prepara¬ 
tions contain small amounts of diastase due to,^ the 
addition of a malted cereal; but if, as is often the 
case, the directions for preparation include the use of 
boiling water, the didstase will be destroyed. In some 
of the preparations the starch has bepn partly or wholly 
hydrolysed to maltose, malto-dextrin or dextrin by the 
action of diastase. Cane sugar, lactose or dried milk 
may be found in the stdrchy foods. 

The analysis of these preparations is by no means a 
simple matter, and if it is desired to jnake a thorough 
investigation of the subject, reference should be made 
to Mr. Julian Baker’s Report (footnote 2, p. 311). In 
whaf follows, only<a few of the main points contained 
in this Report are given. , 

Slarch .—^For the detection of starch and determination 
pf Its origin, see p. 304., If the preparation has been 
heated, the starch granules yill be distorted as in bread. 
The method used by Mr. BakAr for the estimation of 
starch is given on p. 311. The taka diastase method 
mi^ht also be used, but, as pentosans are absent or 
practically absent from the products under examination, 
there is no objection toi the polarimetric method, pro¬ 
vided that allowance is made for the optical activity of 
fhe sugars present. (See p. 312.) 

The analjrses quoted in the ie{x»t show a large pro¬ 
portion of q^ples containing from about 60 to 70 per 
cent, of sta^. 'Such samples, would consist mainly or 



‘ Starclb and Allied Frodvets 359 

entity of flour. Wheat starch "found in the 
majority of easel. Oat, lentil, banana, arrowroot and 
other starches were also foAid. 

Hydrolysed Starch PratiMClsi—{These, products (see 
above) were not determined dii^ctly, as no simjfle 
method is available, but they werejialculated by differ-' 
eneg from the specific gravity, reducing power and 
optical activity of the cold water extract of the sample, 
after other carbohydrates, proteins, etc., had been 
determined. (Seap. 395.) 

WaUr Extracts.—Itn grams of the sample were ex¬ 
tracted for 3 hours in 200 c.c. of distilled water at 
I 5 ' 5 ° with frequent stirring. In cases where the fat 
exceeds 5 per cent., it is advised to use the fat free, 
material. The filtered extract was used for the,estima¬ 
tion of sugars aqd starch conversion products if present. 
For the purpose of calculating the amount of the latter, 
the soluble proteins were also determined. At the same 
time, the amount of matter soluble ip water at 35° under 
the same conditions was also detenpined. Differences 
in solubility were due either to thp action of diastas* 
during the extraction at the, higher teiftperature, or to 
the fact that the preparation had been heated so as lo 
render the starch soluble at this temperature. 'In the 
abifence of diastase, as determined by the lintner value, 
an idea could be formed as to the extent to which the 
starch had been altered by heat. Thus, if no differdnee 
was observed, the preparation Jiad not been heated; in 
many cases a difference of about i to 3 per cent, was 
observed, indicating that the starch had hr^n slighM|^ 
idtered by heating., * 

Sugars .—^For the estimation of these, reference may 
be n^e to Chapter VJII. As mentfcnS^ above, t^ey 
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were determfii^ in the filtered cold water .extract. 
Lactose^* cane sugar and other reducihg sugars, as dex¬ 
trose, were determined. ‘ "Aie last mentioned were re¬ 
turned in the absence of praducts of starch hydrolysis ; 
they include the smjll amounts of sugars natural to the 
flour (usually dextfose and laevulose) in amounts, under 
2 per cent. Cane sugar was found in amounts uj) to 
about 12 per cent. The presence of lactose would be 
an indication of the presence of dried milk, which would 
be confirmed by the composition of the preparation, 
especially as regards the percentages of proteins, ash 
and fat. On the other hand, lactose only may be added, 
in which case the figures just referred to would not be 
sensibly affected (see below). 

OlAcf Constituents.—Fat may be estimated, as in milk 
powder, by the Gottlieb method (p. 263). Moisture and 
Ash may also be estimated as described for milk powder 
(pp. 280 and 296). Proteins may be estimated by the 
K jeldahl-Gunning pethod (p. 26). As in the case of the 
fat, no distinction is made in respect to the origin of the 
..proteins, but "if the preparation has been made on a 
basis of flour,‘the factor 6-25 should be used for con¬ 
verting nitrogen to proteins, Diastatic Power may be 
deterdiined by the method givph on p. 357. 

A comparison of the compositions of dried milk* and 
wheat flour (pp. 295 and 320) will show the significance of 
th6 analytical results in determining the general nature 
of a preparation. Thu^ unchanged flour may bb taken 
as containing roughly 70 per cent., of starch. Hydro- 
^;ed staKh products are the main constituents of dried 
malt extract, but may also have bpen produced by the 
action of diastase on flour. Lactose is characteristic of 
nijlk powdeh'belng the only cMbohydrate contained in 
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the genvine product. In deciding wh«th*er a product 
contains added lactose or milk powder, account'may be 
taken of the facts that nJik* powder contains about 
twice as much protein mktter* aa wheat flour, hbout 
twelve times as much mineral matter and (whole) milk 
powde^ about twenty-five times a| much fat. Oat 
ftour^ however, is far richer in fat than wheat flour (cf. 
table, p. 318); thus Mr. Baker quotes an analysis of a 
preparation consisting entirely of oat flour, showing 7'8 
per-cent, of fat. Wheat and oat •flours contain about 

1 or 2 per cent, of^reducing sugars other than lactose, 
while small amounts of cane sugar, of the order of i or 

2 per cent., are found in these flours as well as in dried 
malt extract. Only larger amouilts will be due to added 
sugar in flour preparations. The diastatic value will 
give an idea as tqwhether it can justly be claimed that 
the preparation is " malted.” 

Cocoa. 

As several methods ajjplicable to the«analysis of cocoa 
have already been described, a few worck'may be said* 
on this subject. 

Starch in cocoa has been treated of under Microscopic 
Examination and the TalfiDiastase Method (pp. 306 and 
314).* For Fat, see p. 115; for Nitrogen, see the Kjeldahl- 
Gunning method (p. 26 ); and for Fibre, see p. 328. 
Moisture and Ash may be determined on the same lines 
as in milk powder (see pp. 280 «id 296). Fibre, starch 
and ash should be determined on the fat free material. 
The Water Solubll Extract is determined by shafcilg upTT 
grams of the fat fi-ee material with 100 c.c. of cold water 
till no lumps remain, allowing to stand^ ovqjnight, and 
then filtering till a perfeftly clear filtrate is obtained. 
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Fifty c.c. of #.he filtrate are evaporated, dried and 
weighed. , 

Among other methods used in the anal5fsis of cocoa 
are those for the estini&tioifof the proportion of shell to 
nib. In the microscopic examination the particles of 
shell are observed.as reddish brown, particles of .varying 
size and shape which stain brightly on the addition of 
a small quantity of ruthenium red when mounted in 
lead acetate solution. With a good deal of practice a 
rough idea of the anlbunt of shell present may be formed, 
but naturally this method is some\^hat uncertain. The 
subject is too complicated to be adequately discussed 
in a small space. For further information, reference 
may be made to the •recent publications of Baker and 
Hulten, and Knapp and M'Lellan,* where the various 
methods available are dealt with. 

The results obtained by the above methods may vary 
greatly with different samples, owing chiefiy to variations 
in the proportion, of shell to nib, and in the amount of 
fat left in the ‘product in the,process of manufacture, 
as well as the addition of starch, etc. 

, *As regards starch, 05ily such figures at have been 
obtained by the taka diastase method are rdiable (see 
p. 313). By this method Rev& and Burnett found from 
8-0 to I4'5 per cent, of natural starch in the fat frSe dry 
nib, and none in the shell. Konig found an average of 
49 per cent, of fat in the nib bean, but the proportion 
in commercial cocoas is usually much lower. The per¬ 
centages of nitrogen and fibre, especially the latter, may 
*|ive sbihe indication as to the propcfrtion of shell (see 
footnote). The amount olf cold .water extract in the 
fat firee ttiaterial should be about 24 per cent., 

* ^ Aimiystt igiB, X97, and 19191 2 (including discusaon). 
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which figure will be raised or lowered according as 
soluble or insoluble* matter has been added to tht cocoa. 

Feeding Stoffi. 

Several methods have been descrillgd which are appli¬ 
cable to the analysis of feeding stulfo for cattle. These 
fliay be enumerated here. 

Moisture and Ash may be determined on the same lines 
as described on pp. 280 and 296. For the estimation 
of Pai, see p. 115. 'Proteins may be determined by the 
Kjeldahl-Gunning method (see p. 26), using the factor 
6*25 for calculating the proteins from the nitrogen con¬ 
tent. For the determination of Crude Fibre, see p. 328. 
Starch is often estimated by a polarimetric method (see 
p. 310), but it is probable that the taka diastase nfethod 
would be better. Other estimations are those of soluble 
and amide nitrugen, phosphoric acid and potash, for 
which other works may be consulted.! • 
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CHAPTER VIII 

THE SUGARS AND ALCOHOL 

Part I.—The Sugars 
Introductory 

The sugars form a well-defined group of plant and 
animal products of great physiological importance. As 
the fundamental members of the carbohydrate group, 
they may be regarded as representing the simplest tecog- 
nisable group of stoble products in the synthesis of the 
complex carbohydrate material of plants which has its 
starting point in that remarkable iiiteraction between 
carbon dioxide and water in the presence of chlorophyll 
and light, which is still^o imperfectly*nn 4 erstood. It 
is in the form of sugars that the carbbhy(Jrate material 
is distributed through the vascular system of the plaift ; 
temporarily, sugar may be converted into starch or ether 
insoluble material such as fet, and stored as reserve food 
material until such time as it ra#iy be required in other 
parts of the growing plant, or, in the case of seed apd 
tubers, e^c.. by the embryo plant. In animal nutrition 
the importance of the sugars i# well known. In the 
digestive processes sifgar is formed by the hydrplpis of 
the more complex carbohyijrates, notably sfaroi, for 
assimilation by the organism. Milk sugar or lactose is 
an important and characteristic constituqp* of cow’s 
milk. It is also found in the milk of othdr mammals, but 
365 
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in soma milks other little investigated sugars have been 
found. Industrially, some dt the sugars are of importance 
as the source pf alcphol byifermentatipn with yeast. 

The great resemblance which many of'the members 
of the sugar group bear to one another, and the subtle 
differences in chemical constitution 'which they display, 
render this branch of Analjdical Chemistry at least a^ 
difficult as that dealing with the fatty oils and fats. 
The proper understanding of the "purely chemical" 
side of the subject is important at all times, but in the 
case of sugar analysis a thorough study of theoretical 
foundations is especially necessary if the anal5rtical 
processes .are to be 1 understood, understood as 
far as^our present knowledge of the subject permits. 

In this chapter only some of the more well-known 
sugars will be dealt with, and in some cases the processes 
described are supplementary to processes described in 
other chapters, "fhe determination of lactose in milk 
by one method }ias already been described in Chapter 
VI., and the'dete^pnination of ^ntoses,sugars con¬ 
taining five cal bon atoms in the molecule, in Chapter VII. 
It will be necessary to assume a knowledge of the 
chenfistry of sugars from text-books of Organic Chemistry 
or special works on sugars, though explanatory remarks 
will be offered in the Course of the description of the 
ptocesses in order to direct attention to certain points. 
The sugars dealt with^are all hexoses, sugars con¬ 
taining six carbon atoms in the mplecule or such as are 
•iisolvaMeinto hexoses by hydrolysis. • 

Maik Methods used in Sugar Analysis. 

Total Sugar ia So/uffon.—This may be determined by 
calculation firorn the specific' gravity of the sdntion. 
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provided'that any, extraneous matter which may be 
present, such as proteins orfgtpnmy matter, has been 
removed. The specific gravity may be determined by 
the usual meUiodJ, using a ^knomlter, specific gravity 
bottle, Westphal balance (p. 50), or Special hydrometer. 
In practice some form of the last mentioned instrument 
i« often used; the Brix and the Balling saccharometers 
are graduated so as to give directly the percentages of 



Fig. 25.—B^e's Saccharom^ter. ' 


cane sugar at 17-5°. Bates’ ibrcwer’s saccharometer ‘ 
gives the number of " pounds per barrel ” of extract in 
malt worts (see p. 352). For the present purpose, the 
specific gravity should be takgp at 15-5°. In sugar 
work the results are often stated as 1000 times thg 
specific gravity. Thus, a specific gravity of 1-0389 would 
read 1038-9. The strengths of aarbohydrate solutions 
may be calculated irf grams per 100 c.c. by ^viding^ 
the specific gravity at 15-5°, yrith reference to’water at 
the same temperature.^ess 1000, ejfpressed as explained 
above, by a solution fector which only vajie^ slightly for 
the difierent carbohydrates-, and which nlay be assumed^ 
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to be 3-86 for U1 carbohydrates without gre&t error. 

Examples are given beloy. jThe method is most accurate 

when applied to solutions of roper cent.strength or under. 

Copper Reduction' MethoSi .—^The reducing properties 
hown by most sugirs is perhaps one of the best known 
ind least understeod reactions in Organic Chemistry. 
The old aldehydic or ketonic formulae, which apparently, 
)rovided a simple explanation of this behaviour, cer- 
ainly fall far short of being a representation of the 
vhole truth regarding the constitution of the sugarf, as 
ar as structural formulae can be seid to do this. For 
juantitative work, Fehling’s alkaline tartrate copper 
iolution is the most generally used. The reduction of 
?ehling’s solution by sugars cannot be expressed by 
lefinile chemical equations, and its quantitative appli- 
:ations are based on empirical data. iThe solutions must 
oe prepared of definite strength from pure chemicals, 
nixed immediately before use, and the reduction must 
be carried out under standard conditions. The only 
common sugjir lifhich does not /educe Fehling’s solution 
is cane sugaj, of sucrose, a fact which is sometimes 
sxplained by saying that" this sugar, unlike the other 
common sugars, has no " free carbonyl group in the 
toolecule.” Cane sugar is a* disaccharide, and is easily 
hydrolysed by the action of dilute acids, or the enzyme 
invertase, into the monosaccharide hexoses, dextrose or 
dextro glucose and laevulose or dextro fructose. The 
resulting mixture, known as invert sugar, reduces Feh- 
Ijng’s sqfution, so that it is possib'ie to estimate sucrose 
in presence of other sugatp by the increase in reducing 
power after inversioit. The polysaccharide dextrin, like 
starch, do»s,not reduce Fehling’s solution, but gives rise 
\o reducing su^rs on hydrolysis {cf. p. 381). 
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Two Slain methods are given for the determination 
of reducing power! (a) Th^ cuprous oxide is collected 
and estimated by some gravimetric or volumetric pro¬ 
cess. (i) The sugar solution is \it»ated With Fehling’s 
solution. Of the various volumetric methods which 
have been proposed, from time to timf, that given below 
is the,only one which can be recommended. 

The Polarimetric Method.—h& all sugars are optically 
active, the polarimeter pla5rs an important part in their 
identification and •estimation. Iif many cases it is 
necessary to subjecj the solution to a process of clari¬ 
fication before the polarimetric reading can be taken; 
see, for example, the method described for milk on 
p. 391. The particular method Employed depends on 
the nature of the solution and the sugars present. 
Animal charcoal gnd basic lead acetate are very com¬ 
monly used, the exact methods being described below. 

A factor to be taken into accouijt .when dissolving 
solid sugars for polarimetric observaiion is mutarota- 
tion.* Most sugars exi^t in two forms, designated a 
and (S, which have different optical activities, and on* 
dissolving in water a change t^kes place which restllts* 
in the formation of a defini^ equilibrium mixturg be¬ 
tween the two forms. The«change is explained by means 
of thi oxidic structural formul^ for sugars, as being 
due to the interchange of positions of a hydrogen atom 
and a hydroxyl group. Ail figures used in sugar analysis 
apply to* the equilibrium mixture of constant rotation. 
The change is complefted spontaneously on standing for^ 
about twelve hofim, or more rapidly by bSiliflg tile 
sdution for a few minutes or addii^ a trace of ammonia. 

1 Xhis phenomenon vaa first studied systen^ticaDy by E. F. 
ArmsWong and Lowry, /.C.S^ 1903, 83, 1305; aiA 13141 18991 
TJ. *M. • 

A.U. 24 
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Various t5^s of polarimeter have been constructed 
for the •estimation of sucr^e in industrial practice. A 
“ normal weight ” of the^ product, varying with the 
particular instrument 05 ed<;is dissolved in water and, 
after clarifying if necessary, made up to loo c.c. at 
20° C. The perceiitage of sucrose is read off from the 
scale divisions. xKe figures used below are in angular 
degrees, but if any of the special instruments referreJ 
to is used, the scale division may be converted into 
angular degrees by a« special factor., It is assumed that 
sodium light is used. Readings are usually taken at 
20° C. and sometimes at i7'5°C. Attention must be 
paid to the calibration of the measuring flasks used so 
that the correct volume is obtained at the temperature 
employed. The " Mohr c.c.” is based on the volume of 
water at l7-5°. Various other precautions are mentioned 
in the actual description of the processes below. In the 
case of sucrose, Jhe change of rotation bn inversion (see 
above) may be made use of in estimating this sugar in 
the presence of jponosaccharides or a disaccharide, such 
as lactose, which jis not hydrolysed under certain con¬ 
ditions which secure the inversion of sucrose. In this 

k * 

connection it may be explained that the term " inver¬ 
sion ' is specially applied to, ihe case of sucrose, as a 
change of sign in optical rotation is involved owing to 
the strong Ijevo rotation of Isevulose. The last mentioned 
sugar is sometimes referred to as dextro fructose although 
Isevorotatory, for the reason that it is genetically related 
to dextro glucose or dextrose. Therferm " invert sugar " 
iu appUed..to the products of the inveision of sucrose. 

Other Methois.—Ti^e mbthod recently published by 
Willstfitter and Schudel ‘ for the estimation of dextrose 

• f 

iiji8,<5i, 780, aba. 1918, 37, 556*. 
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by meani of sodium hypoiodite may pr^ve’useful, as it 
discriminates between aiders on the one hand and 
sucrose and ketoses on the otWer. The latter group is 
not affected under the exjyrim*nt§l conditions. ’Dex¬ 
trose is oxidised to gluconic acid, and the amount of 
iodine used up in this process ma;^ be estimated by 
titration. 

* Biological methods are often of great service in the 
analysis of mixtures. Chemically, the sugars often 
res^ble one another to such a.degree that many 
analytical problems which may arise are practically 
insoluble unless other methods of attack are sought. It 
is well known that optical activity as measured by the 
polarimeter reflects subtle differences in molecular 
structure, but biological methods often afford s^jarper 
distinctions in such cases. The selective action of yeasts 
on sugars has been successfully employed, the ferment¬ 
able sugar bcin^ destroyed by conversion into carbon 
dioxide and alcohol, so that the rema^ng non-ferment- 
able sugar can be dealt with by itself. F' Armstrong ’ 
lias shown that the monosaccharides ^extrpse, tevulose 
(invert sugar) and mannose are fermentable by all yeasts. 
In the .case of the disaccharides sucrose, lactose, maltose 
and melibiose, or the tris^ccliaride raffinose, no airtioj 
takes •place unless a yeast is employed which contains 
an en25nne capable of hydrolysiifg these sugars with the 
formation of monosaccharides. Thus, ordinary yeast, 
Sacckaromyces cerevisiae, contain^ the enzyme invertase 
which hydrolyses sucrose but not other sugars, and 
maltase which similarly has a selective action oatnaltosC 
Here we find distinctions which cjnnot be obtained by 
the use of acids as hydrolysing agents, tho'iph it is true 

* Proc, Roy. S<^., 1905, 76 B, 6#o. 
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that sucrose' njay be inverted by citric acid, solution 
while lactose is left unaided. Aif example is given 
below in which ordinary* yeast is employed in the inver* 
sion hnd fermentation' of sucrose in. the presence of 
lactose. If the method is to be applied to a mixture 
of dextrose and ihaltose, it will be necessary t,o select 
a yeast which contains no maltase, such as S. marxianus, 
S. exiguus or S. anomalus.^ In an enzjune action pure 
and simple an antiseptic is added (usually toluene) to 
exclude the action of micro-organisms (cf. p. 315); Jbut, 
on the other hand, if it is desired to take advantage of 
the action of micro-organisms, the solution-must contain 
no substances of an antiseptic nature, and must, more¬ 
over, not be too strong; concentrations up to 10 per 
cent. ;nay be used. Yeasts grow best at temperatures 
in the neighbourhood of 25° in neuti;al or faintly acid, 
but not alkaline, solution. Further details are men- * 
tioned below. ' 

Qualitative Colour reactions of the sugars will 

be found in mjHiy text-books on sugars and qualitative 
"•analysis. Sdme qf these are referred to below. Sugars 
, are sometiraeS identified by the melting points of their 
osazones, which may be prepared by heating J gram of 
^he sugar dissolved in 5 c.c. pf water with a to 3 c.c. of 
phenyl hydrazine and 3 c.c. of 50 per cent, acetic acid ■ 
in boiling water for ten minutes to half an hour and 
• allowing to cool. Dextrose and laevulose yield the same 
osazone. Sucrose yiqlds no osazone, and docs not 
reduce Fehling’s solution unless it has been previously 
"hiverted.* 

‘Yeut iermentation‘methods are described by Davis and 
Daish, Jourp. Agrie. Sci., 1913, 3, 437 ; and Baker and Hnlton, 
tiuafyH, igtoi 35," 31a. 
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Starch Conversion PRODifcis. 

I 

(. 4 ) Dextrose {by Fehfing’s Solution). 

The simplest eiSample of i starch tonvefsion product is 
that obtainedffom theprocess described onp. 309. in which 
the starch has been wholly converted into dextrose, except 
^ he snaall portion which has been destroyed by the hot acid. 

Volumetric Method .—^The method to be described is 
that of Ling and Rendle.* It is stated by Davis and 
Dafth to be prefersfele to the gravimetric process in all 
respects, being acqiirate to within 0-3 per cent., as 
compared wilh 0:3 to 0-5 per cent, by the gravimetric 
method. It is more rapid, and has the advantage that 
it is standardised by the anal^t himself. Like the 
gravimetric method, it requires some practice Siefore 
accurate results can be obtained. 

The following, solutions are required: Ferrous thio¬ 
cyanate indicator. One gram of fenQUs ammonium sul¬ 
phate and I gram of ammonium tttiocyanate are dis¬ 
solved in 10 c.c. of watqr, heating to about 45“ to 50°, 
and cooling as soon as possible. Before us^ the brownish 
red colour, due to small amounts of ferric salt, is removed 
by the addition of a traje (tf zinc dust. After several 
reductions, the delicacy ‘of the solution as an indi¬ 
cator is impaired. Fehling's soltttion.—ix^-zyi grams of 
crystallised copper sulphate are dissolved in water aqd 
made up to i litre. 346 grams of Rochelle salt we dis¬ 
solved in hot water ; 142 grams »f pure caustic soda arc 
dissolved separatdy fn water ; these two solu^ons aje 
mixed and made up to i litr^. Immediately fiefdre use, 
equal amounts of the copper and thd alkaline tartrate solu¬ 
tions are accurately measured and mixe^ in a dry flask. 

‘ ilMlytl,*i9os, 30, X&2. 
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Ten tor 20) i.c. of the ftiixed Febling’s solution are 
accuratdy measured into i 200 c.c. flask and raised to 
the boiling point. Thq sugar solution, which should be 
adjusted so that 20 to 30 c.c. are required to reduce 
10 c.c. of the Fehlin^’s solution, is run in in small amounts 
commencing with 5 c.c., while the liquid in the 'flask is 
kept boiling so as to exclude the influence of atmo-* 
spheric oxygen, and shaken by a rotary motion after 
each addition. The ferrous thiocyanate indicator is dis¬ 
tributed in drops on a white tile, and towards the encl of 
the titration a drop of the liquid in the flask is removed 
by a glass rod and mixed with a drop of the indicator. 
The end point is reached when, after boiling for ten 
seconds, no red coloration is produced, owing to the 
complete reduction of the copper salt.' The first titra¬ 
tion may only give approximate resdlts, and a second 
or third titration may be required. The process should 
occupy about two to three minutes. 

At the time of‘making the actual determination, the 
^Fehling’s solution is standardisfid against a solution of 
known strength of the pure sugar under similar con- 
' ditions. The method is aipplicable to any of the reducing 
sugars. Thus it may be used for the estimation of maltose 
in malt extract, reducing sugar (as maltose) in ^^stout, 
invert sugar in molasses’(before and after inversion), etc. 

> Gravimetric Method .—^The method , of Brown, Morris 
and Millar ^ is as follows; The Fehling’s solution is 
similar to that descrified under the previous heading, 
except. tl\at 130 grams of pure caustic soda are used 
instead of 142 grams. The amount of sugar solution 
taken should be regulated so th&t firom 0-15 to 0-35 
^am of cc(ppef.(or the corresponding amount of copper 
‘ J.C.S., i897,'l»d, *78. 
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oxide) i^weighed. ^ For this,*io to 30 c.* ot a i per cent 
solution of the sugar will required, and the strengtl 
may be determined by a rough titration on the line 
described under fhe precedftg heading. 

Twenty-five c.c. of each of the Bjhling solutions an 
accurately measured into a 200 cx. beaker, and thi 
•mixture is diluted with hot, well-boiled water, so that 
after tjie addition of the sugar solution, the total volumi 
will be 100 c.c. The beaker is covered with a clocl 
gla^ and heated ift boiling water *for six minutes ; th 
solution should remain quite clear. The sugar solutioi 
is then added, and the heating continued for exactl; 
12 minutes, after which time the precipitated cuprou 
oxide must be filtered off as r£!^)idly as possible. Th 
solution shouldwtill be blue, indicating excess oftoppei 
To determine the copper as CuO, the precipitate i 
filtered off on a,Gooch crucible, washed thoroughly wit! 
hot water, then with alcohol and ether, and driec 
Ignition to convert the precipitate feto CuO is accom 
plished by placing th% Gooch crucible in an ordinar 
crucible and heating over a Bunsen fteme^ The asbesto 
used in the Gooch crucible should be boiled with 2<f pc 
cent, caustic soda solution* (followed by washing wit 
watjr, dilute acid and Water), for otherwise an crac 
may be introduced owing to, its partial solubility i 
the caustic Fehling solution. To avoid this and othc 
errors,,however, it is best to conduct a blank experimer 
with Fehling’s solution as in tfte actual test, omittin 
only the sugar, andT to make a corresponding correctio 
in the amount of CuO weigjied. 

The copper may be determined by a variety of othc 
methods. Thus the cuprous oxide gia^»be weighe 
direct if dried at a low heat in the watk oven, or it ma 
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be filtered od ip a special ;tube by suction, reduced to 
copper by heating in a current of hydrogen, and weighed 
as copper. Again, the cuprous oxide may be dissolved 
in dilute nitric acid, Und iht copper determined by 
electrolytic deposition, or the cuprous oxide may be 
dissolved in ferric Mum solution, winch is then titrated 
with standard potassium permanganate solution., The, 
latter methods eliminate errors owing to the carrying 
down of alkaline earths with the cuprous oxide. 

The following taKes may be used for finding <the 
amount of sugar corresponding to the, copper precipitated 
according to the above directions :— 


Table for finding Amounts of Dextrose, and Invert 
Sugar, corresponding to Given Weights of Copper, 
OBTAINED BV THE METHOD OF BrOWN, MoRRIS AND MiLLAR. 


-«■ 

Dextrose 

GrexDB. 

Copper 

Grams. 

Dextrose 

Grams. 

f 

Copper 

Gra^ 

Invert 

Sugar 

Grams. 

Co^>er 

Grams. 

e 

Invert 

Sugar 

Grams. 

Copper 

Qimms. 

0050 

01030 

o-i55 

0*3020 

0050 

0*0975 

0155 

0*2915 

0*055 

0*1134 

o'»6o 

0*3103 

EE3 

0*1076 

o*i6o 

0*3002 

^ o*o6o 

0*1238* 

0-16,5 

0-3187 


0*1176 

0-165 

0*3086 

0’o65 

0-134J 

0-170 

0*3268 

0*065 

0*1275 

0*170 

0-3167 

, o*d70 

01443 

0-175 

0-33f0 

0*070 

0-1373 

0-175 

0-3251 

0075 

0*1543 

0*180 

0-3431 

0-075 

0*1468 

O'iSo 

0-3331 

00^ 

0*1644 

0-185 

0-3508. 

o*q8o 

0*1566 

0185 

0*3410 

(J085 

0*1740 

0*190 

0*3590 

0085 

0*1662 

0*190 

0-3490 

0*090 

01834 

0-195 

0*3668 

0*090^ 

0-1755 

0195 

0-S570 

0*095 

0*1930 

0*200 

0-3745 

0*095 

0-1848 

0*200 

0-3650 

0*100 

0*2027 

0*205 

0*3822 

0*100 

0*1941 

0*205 

0-3726 

ot^io<; 

0*2X23 

— 

— 

0*105 

0*2634 



0*110 

0*2218 

— 

— 

0*110 

0-2128 



0*115 

0'23I3 

— 

F" 

0*115 

0*2220 



0*130 

0*2404 

— 

■— 

0*120 

0-2311 



0135 

0*2496 

— 

— 

0*125 

0*2400 



<«3o 

.or 2585 

•*— 

— 

0*130 

0-2489 



0*135 

0-2675 

*— 

— 

0135* 

0-2578 



0*140 

0-2762 

— 

» — 

0*140 

0-2662 



«I45 

0*2050 

*— 

— 

0-145 

0*2750 



0*150 

• 

o-29S\ 

i— 


0*150 

0*2032 




"t 
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Table roR Calculating |he AMoufsrs’oF Maltose 
Coerespondinc’to Varying Amounts of Copper. 
(Method of Brown, Morris and Millar.) 


Maltose, 

grams. 

--- 1 

Cn, 

grams. 

-S—.- 

‘ Maltese, 
graml. 

Cu, 

grams. 

•070 

•0772 

•185 

■2017 

■075 

•0826 


•2072 

^•080 

•0880 


•2126 

•085 

■0934 

•200 

•2180 



•205 

•2234 

•095 

•1042 

•210 

•2288 

•100 


;2I3 

•2342 

•105 

•1151 

•220 

•2397 

•no 

•1205 

•225 

•2-fel 

•II5 

^1259 

•230 

•2505 

•120 

• -1313 

•235 

•2559 

•125 


•249 

•2613 

•130 

•1422 

•24r . 

•2667 

•135 

•1476% 

•250 * 

► *2722 

•140 

•1530 

•255’ . 

•2778, 

•145 

•1584 


•2830 

•150 

•1634 . 

• -265 

■2884 

•155 

•1692 

•270 

•2938 

•160 

•1747 

. .275 

•2992 

•165 


•280 

•3047 

•17a 

•1855 

•285 

•3101 

•175 


••290 

•3155 

■180 

.■1983 

• 

•295 

.300 

•*305 

• 

,'3209 

•3264 

•3318 

• 




Factor for convertftig CnO to Cu •• 0;7989. 
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(6) Dexlrosetand Maltose. 

These sugars are the sple^product of hydrolysis in the 
taka .diastase conversion; their relative proportion 
depends on the time of actSin, the final product being 
dextrose. The prj^aration of the solution for. the 
determination of maltose and dextrose, in connection 
with the determination of starch by the taka diitstase* 
method, is described on pp. 312 to 317. Knowing that 
maltose and dextrose are the only sugsu's present, their 
relative proportion may be determined by the optmal 
activity and the reducing power of the mixture. To 
determine these, it is necessary to know the concen¬ 
tration of total sugar in the solution. 

The determination of sugar in solution by the specific 
gravity is explained on p. 366; the solution factor for 
dextrose is 3'85, and that for maltosS is 3-94, but for 
practical purposes the factor 3'86 may be adopted with¬ 
out great error. A closer approximation may be got 
after the proportion of maltose to dextrose has been 
calculated frcpn the other data »1t tliis basis. The total 
solid matter mf^y b'e determined by evaporating a known 
Volume of the solution td dryness, drying in the water 
oven and weighing. The inorganic matter may then be 
dttermined as ash by incinerJting in the usual manner 
and deducted from the total solids. 

.The reducing power may be determined as described 
on p. 373. Taking the reducing power (K) of dextrose 
as 100, the reducing fower of maltose is 62; these 
figjires express the relative amopnts of copper 
reduced by equal amounts of the two sugars. The 
amount of copper ojdde actually obtained is cal¬ 
culated as* ^h« percentage of the amount which 
wbuld be obtained if dextrosd only were present. Let 
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this = K. Then Jhe percentage of maltose in the sugar 

(100 - K) 100 * ISO - K 
“ “1^ - 62 ; J**® Percentage 

of dextrose is then found by. difference. 

The .optical activity, [u]„ is calculSted by multiplying 
the observed angular rotation with sodium Kght by loo, 
and dividing by the concentration of the solution in 
grams* per 100 c.c. and by the length of the tube in 
de«imetres. For dpxtrose, [«]„ =.+ 527°, and for mal¬ 
tose, [«]„ = + 138°. The percentages of the two sugars 
may then be calculated on the same lines as just de¬ 
scribed in the case of the reducing power. 

It is not possible to estimates maltose in presence of 
dextrose by measuring the change in optical rotation 
and reducing poyer after hydrolysis by acid, as is done 
in the case of sucrose, for some of the dextrose is de¬ 
stroyed by the* acid under the coflditions necessary to 
secure the hydrolysis of maltose.^ Davis and Daish 
(footnote, p. 372) employ the biological method indi¬ 
cated on p. 372. Portfons of 50 c.CjOf the solution ax^ 
fermented at 25° for three to four weeksVith fresh pure 
cultures of different yeasts, and the changes in optiem 
activity and reducing pbyer produced by the fcrftienta- 
tionS are determined. The difference found between 
the average reducing power ’after fermentation with 
baker’s yeast, ahd the average reducing power foitnd. 
after fermenting with the yeajts which do not attack 
maltose, is due to the maltose present. For details, the 
paper referred te may be consulted. 

(C) Ghteost or Stafeh Syrup. 

This is the product of the action sf dilute acid on 
starch or starch containing material. *It is largely u&d 



380 Iti(}ustrial Organic Analysis ■ 

as a substitute for sucrose,in confectionery, a:.id occa¬ 
sionally'for adulterating caLie sugar, syrup, honey, etc. 
The solid grape sugar is produced by more complete 
hydrolysis and consists‘larga'y of dextiose ; this is also 
used in confectionery and ifa brewing. Starch syrup is 
a complicated mixture, varying in cpmposition accord¬ 
ing to the extent to which the process of hydrolysis, 
has been carried; further, many of the constituents, 
notably the dextrins, malto-dextrins and the unferment- 
able matter (gallisin) produced by the action of acid on 
dextrose, are substances of which little is known from 
the chemical side. Wesener and Teller * give the com¬ 
position of commercial glucoses as follows : Water, 15 
to 20 per cent.; proteii,s, about o-o6 per cent.; mineral 
matter, traces. The carbohydrates consist of dextrins, 
maltose and dextrose, of which the two last mentioned 
are fermentable. In two samples and 17-2 per 
cent, of dextrose, and 22-9 and 16-4 per cent, of maltose, 
were found, respecti vely. 

If the exact analysis of starc^ syrup is difficult, its 
estimation as an adulterant in presence of other carbo- 
kydiate products is still more difficult. Sometimes the 
reducing sugar is calculated,.as dextrose, which, in view 
of, the above figures, is obviously incorrect. Unless, 
however, a very lengthy and detailed examination is 
made, the results obtained will only be approximately 
correct. 

WiUer may be estimated by drying a few grams in a 
flat dish in the water oven, and vteigl^ the residue. 
Asi may be determined in the usual manner on the 
dried residue, and Prdtins by the Kjeldahl-Gunning 
method (p. ,26). Deducting the ash from the total 
> J.I.E.C., 1916,8,1009. 
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solids fijund in the water determination^ "the kid organic 
matter, consisting* almost efdusively of carbohydrates, 
will be found. The total cafbohydrates may also be 
found with sufficient accuracy* by taking the specific 
gravity of a lo per cent.«solutio{i of the syrup and 
applying the method of calculation fixplained on p. 366. 

Dextrin, Maltose and Dextrose.—Assunang the organic 
matter to consist of these three carbohydrates, their 
percentages may be obtained approximately by the 
following methodThirty c.c. of a 30 per cent, solution 
of the syrup are poured into 300 c.c. of approximately 
95 per cent.* alcohol (strong methylated spirit free from 
paraffin will serve) with stirring. On standing, the pre¬ 
cipitated dextrin will collect a^gunmiy matter on the 
sides and bottom of the vessel. If necessary more 
alcohol may b^ added to obtain a clear separation. 
The alcoholic solution of the sugars is poured off, and 
the dextrin is'washed with alcotfol, dried to remove 
alcohol, and dissolved in water. Tl^ amount of dextrin 
can be found from thj specific gravity of the solution, 
as explained on p. 366,‘using the facjor 3'^5. A known 
amount of the solution may^ also be etaporated, And 
the residue determined after drying to constant weight 
in the water oven. ThI dextrin may also be estimated 
polrftimetrically in the solution, the specific rotation 
[a]j, being +200°. Sometimes'the solution may be too 
dark for measnrbment by sodium light. The liabifity 
of dextrin to be absorbed if t^je solution is cleared by 
lead acetate, should be borne in mind (see p. 313). 
The solution 0# dextrin should not reduce Fehli.ig's 
solution. , ■ , 

Knowing the percentage of dextrin, the dextrose and 
maltose may be estimated by diffetfeiwe, and th^ 
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relative proportions determined by the redudi^g power 
as described on'p. 378. dextrin being non-reducing. 

The results obtained by the above methods may be 
checked by determimng the^^ specific rptation S of the 
carbohydrates in a solution of the syrup in which the 
total carbohydrates ’T is known. If g = the percentage 
of dextrose, m that of maltose and d that of dextrin, 
then 

^ 527 g-f 200^-1-138 m 

* “ . r 

Owing, however, to experimental errors and our incom¬ 
plete knowledge of the composition of starch syrup, this 
relationship will only be found approximately correct. 

Grape Sugar .—^This pisoduct has been mentioned above 
as a product of the action of acid on starch (see p. 380). 
The products of complete hydrolysis which have been 
recrystallised approximate to pure dextrose in composi¬ 
tion, present fewer analytical difficulties than starch 
syrup, though in accurate work the reducing unfer- 
mentable product «of the action of the acid on dextrose, 
known as " gallisin,” must be reckoned with. Leach 
gfves the folloiWng figures,as representing the variations 
in composition of commercial grape sugar: Dextrin, 
0—9'i per cent.; maltose, o-ri'8 per cent.; dextrose, 
72—99'4 per cent.; ash, 0-3—075 per cent.; water, 
0-6—I7'5'per cent. 

Sucrose. 

This, .tkg commonest of the sugars of commerce, is 
found in many plants, ^ut is almost exclusively obtained 
from the sugar cane and sugar bek. The sugar cane 
juice is obtained ,by a process of crushing. The beet is 
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sliced apd extracted with water, t^'jSrocess being 
arranged progressively so th^t fresh material is,treated 
with water already containing extract, while nearly 
exhausted material is treated wit^ fresh water.* Pro¬ 
teins and or^nic acids are removed from the juice by 
heating and nearly neutralising witif milk of lime, and 
the raw sugar is obtained by crystallisation and centri¬ 
fuging. The refining process consists in heating the 
raw silgar solution with such substances as lime, clay 
blogd, animal charpoal, etc., and crystallisation. The 
mother liquors obtained from these processes arc known 
as molasses.. Cane* molasses consists chiefly of cane 
sugar, invert sugar and water, but beet molasses, 
which is unfit for human food, ij a much more complex 
mixture. 

The best granulated, loaf or castor sugars 0/ com¬ 
merce are generally 99-8 per cent, pure sucrose. Inferior 
grades may confain up to about 5 fer cent, or more of 
water, 2 per cent, {or more, if verlr poor quality) of 
reducing sugar as dextrose, and up to pbout 2 per cent, 
of ash. Small traces of Wtramarine or blue aniline dye^ 
are added to counteract the yellow colouf so as to give 
a white appearance, while some sugars are coloured 
yellow so as to simulate <he‘original Demerara sugar. 

Water may be determined by heating a few grams of 
the powdered sugar at 105° till constant in weight. 
Ash may be determined by moistening 5 grams of the 
sugar with pure concentrated sulphuric acid and igniting 
till the residue is white. One-tenth of the sulphated 
ash is deducted*to obtain the true ash. .Byes are 
detected as described in thd follq^ng chapter, p. 441. 
Reducing Sugar is determined as dextrose by the methods 
given on pp. 373 to 376. 
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Estimation of Sucrose (i) in Absence or other 
SO tARS or in PRESEBCE OF INVERT SUGAR. 

Ths direct pqtarimeirif method, vising oolarimeters with 
ipecial " sugar scales,” has^Wn referred to on p. 370. 
rhis method is, of*Jourse, only of use in the absence of 
sugars other than hucrose. If th? reading is taken in 
ingular degrees, the percentage of sucrose may be cal-’ 
lulated from its specific rotation, [a]y =66-5“, using a 
10 per cent, solution at 20' C. 

Solutions of dark coloured sugars, treacles, syrups or 
mlasses must be clarified before they can.be observed 
in the polarimeter. Basic lead acetate is the most 
commonly used clearing agent. 

Walker * has devised the following modified method 
for clearing solutions of molasses so as to obviate the 
error due to the volume occupied by the precipitated 
lead when the sugar solution is made up to a definite 
volume. A doubly, normal weight of the sample, 52 
grams (26 grams is the normal weight giving in 100 c.c. 
the percentage of sucrose on the scale of more recent 
type of Ventrke saccharimeter), is dissolved in water 
and made up to 300 c.c. The solution is transferred to 
a larger flask, and clarified-with 15 to 20 grams of dry 
basic lead acetate and a few grains of sand, and filtered 
through a dry filter. The volume of the solution is 
increased through the solution of the basic lead acetate, 
and the process has been so devised that the error due 
to this cause is practically balanced by the error due to 
the. volume of the lead phosphate precipitated in the 
next operation. To 75 c.c. of the filtrate in a too c.c. 
flask are added 20 c.c. of a solutioD containing 100 grams 

' 10, i»8. 
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of phosj)|ioric add per litre^and the lijnid is made up 
to 100 c.c. and filffered. If fcecessary, the solution may 
be further decolorised by the ‘addition of 0-5 gram of 
zinc dust just before filtratiyi. Th^polarimetric reading 
is taken in a‘400 mm. tube f it will,be noticed that the 
dilutiot} is now equivalent to a normal weight in 100 c.c. 
If the reading is taken in angular degrees, multiplication 
\)y the factor z-SSSg will give Ventzke degrees for the 
above‘normal weight, which correspond to the per¬ 
centage of sucrose. For the older instruments of the 
same t5q)e, the normal weight is 26-068 grams, and the 
corresponding factor for converting angular degjees is 
2-8835. 

The method of direct polarimetric measurement is 
only reliable when applied to pure or fairly pui^ pro¬ 
ducts. If any nojable amount of invert sugar is present, 
as will be the case with the cruder products, Clerget's 
process of deteri&ining the change in optical rotation after 
inversion should be applied. Walkeil^continues the pro¬ 
cess as follows; Another portion of 75#»c. of the filtrate 
fi-om the basic lead acetkte is trcated,in a “too c.c. flasl» 
with 2 C.C. of hydrochloric add ^concentratld acid dilute(^ 
with an equal volume of water) to neutralise the alka¬ 
linity. The mixture is hrftied in a water bath to 65'^—yq* 
treated with 10 c.c. of the same hydrochloric acid as 
just used, taken out of the wafer bath and allowed to 
stand for 15 minfttes, after which it is cooled, made 
up to 160 c,c., treated with o-5^am of zinc dust and 
filtered for polarimatric reading. The percentage of 


sucrose, S, is given by the. formula S = 

* 


(Z>^ I) fbo 
142-1 - o-5f 


where D = the direct sugar scale reading, 1 = the read¬ 
ing after polarisation, an^ f - the ten^eAture of the 


S.LA. 


*5 
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• . 

solutions when ,both readings were taken. For the 
reason stated below, it is advisable to take the readings 
in jacketed tubes through which water is kept circulating 
at a definite temperature. < 

The Clerget formula is based on the fact that at 0° 
a sucrose solution, \Yhich gives a reading of 100 di’dsions 
to the right, gives, after inversion, a reading of 144 
divisions to the left. According to the International 
Commission methods, when the readings are taken at 
20° with a normal Weight of 26 grams, the constrnt 
142-66 is used in the above formula. Walker uses the 
constant 142-1. The specific rotations of all sugars vary 
to some extent with the temperature but that of lavu- 
< lose falls especially rapidly with rise of temperature. 
Hence,the temperature correction in the formula, and 
the particular necessity for attention to this point when 
dealing with solutions containing laevulose. 

If readings are taken in angular degrees, conversion 
into sugar scale degjlees may be made as described above, 
and the values thus found substituted in the Clerget 
formula. Difierent types of instrument require different 
normal weights?; the factors connecting scale degrees with 
angular degrees varying correspondingly. 

. Many methods of clarificat'dh have been proposed; 
most of them involve the use of lead acetate, but do 
not correct for predpitafe volume as the one described. 
■Animal charcoal clarifies, but it should be avoided as 
it adsorbs sugars. 

The usual method of inverting by add is to add 10 per 
cefit. by'"volume of hydrochloric add," spedflc gravity 
1-188, to the sugar solution, to hqat to 69° in two to 
two and a half minutes, and to maintain the mixture at 
this temperature for seven to ^even and a half minutes. 
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the total time of heating being ten adnutes. In all 
cases the solution should ve freed from lead before 
inversion. ^ 

Inversion by hydrochlosic aclS for thS estimation of 
sucrose is only admissible when the<nixture contains no 
other disaccharide Jhan sucrose and jio pol5^accharides, 
such,as dextrin or starch. The method is, however, 
applicable to mixtures of sucrose and invert sugar, such 
as occur in raw sugar, cane molasses, treacle or golden 
syrnp. The percentage of cane su^r being known, the 
percentage of invcjjt sugar can be calculated from the 
rotation of the solution before inversion, the specific 
rotation of sucrose being +66-5°, and that of invert 
sugar being -20-5° at 15°. • 

Sucrose may also be estimated in presence ofdnvcrt 
sugar by the chattge in cupric reducing power after in¬ 
version, by the methods described on pp. 373 to 376. 
If the volumetric method of Ling an^ Rendle is used, a 
standard solution of invert sugar me^ be prepared by 
inverting a solution containing a knowh ^rcentage of 
pure sucrose. The reduction, if an5«i before inversioif 
will be due to invert sugaf, and the increase'in* 
reduction after inversion wjjl be due to invert ^ugar 
produced from the sucrose. The weight of the latter, 
multij)lied by 0-95, will give, the weight of cane 
sugar. 


Estim.wion of Sucrose (2J in Presence of 
Starch Syrup. 

Such cases occur ^hen molasset ot golden syrup are 
adulterated with starch syrup. In the Jrst jilace, this 
problem is rendered dififipult owing td tile uncertain 
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composition of starch syrup, r Leach * gives the following 
formula for the calculation w the .percentage of glucose 
or starch syrup, provided that the amount of invert 
sugar is small." It is sfated«to give fairly,satisfactory 
results with goldepc syrup'' and molasses, but better 
results with maple, S5rrup, which contains less .invert 
sugar. The formula is an empirical one, being leased, 
on the fact that the maximum rotation on the, 
sugar scale (Ventzke), shown by the glucose syrup 
commonly added, is T75. Under the circumstances it 
becomes necessary to resort to the yse of a formula of 
this kind unless a prolonged investigation is'made. 

If = the direct polarimetric reading, and S = the 
percentage of sucrose, “then the percentage of gjucose 


syrup, G = 


{A - S) 100 

175 


Here, J^ain, conyersion from angulp degrees into 
sugar scale degree^ may be made for the purposes of 
the formula, as described in the preceding section. The 
sucrose is dejernlined in the i^sual way by inversion. 
It must be no^ed tSiat the results for sucrose cannot fail 
to fie affected to some extent owing to the simultaneous 


action of the acid on the dextrin and maltose, and change 
ilS optical activity due to these causes. In such cases 
it is better to employ thy enz3miie invertase for invefeion. 

.Inversion by In»«rtas«.—The enzyme may be prepared 
by the method given in Allen’s “ Commercial Organic 
Analysis ” by E. F. ^Armstrong. Brewer's yeast is 
allpv^ to liquefy by keeping it fof several days at 37', 
and then Altered. The enzyme is partially purified by 
precipitation with alcdhol and rrfissolving in a minimum 
of water, the extract, which is fi^ee bom maltase, keeps 
> U.S. Dept, of Agric., Bumu of Chem.. Ball. 65. 
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weU in^osed vessels in th|dark, in p»esence of a little 
toluene, which is used as an aptiseptic. 

The solution may be cleared, if necessary, and freed 
from lead fry tBe methods given an p. *384. 75 c.c. of 
the filtrate are measured'into a»joo c.c. measuring 
flask, neutralised and rendered faintly acid with acetic 
acid, A few drops of toluene and a few c.c. of the 
inver^ase extract are added, and the mixture is kept at 
about 50° for five hours. The volume is then com- 
plfted to 100 c.c. below the toluene layer, and the polari- 
metric reading is, taken. As invertase acts only on 
sucrose, the' change in rotation will be due to this sugar 
only. 

Qualitative Detection of Starch'Syrup. —^The presence of • 
starch syrup is indicated by a high initial dextrorotation 
while, if much starch syrup is present, the liquid may 
fail to becom^ laevorotatory aftej inversion. Dextrin 
may be precipitated by alcohol a^d estimated as de¬ 
scribed on p. 381. Starch syrup may also be indicated * 
by the presence of nota})le amounts of calcium when the 
solution is tested with ammonium orealate. 

Estimation of the CoAtituents in a MixfuRE 

t 

OF Sucrose and Starch Syrups. 

The total carbol^draies, and incidentally the water qpd 
ask, are determined as described on p. 378. The sucrose* 
having been determined by invtrsion with invertase, as 
described above, th^ rotation due to the inYert sygar 
and the starch syrup may,be calculated. Invert sugar 
may be approximately estimated by estimating the 
iKVulose by the change in rotation on ri«e ofijlemperature 
and assuming the presence of an ^qual amount %>f 
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iextrose. Thisjnay be done by observing thei specific 
rotation* at two temperatures fairly'widely apart, the 
decrease in the specific rotation of laevulose being 
^■6385 per degree C.<ri&. TBie percentage of laevulose, 

L = ■ ^ , where D = the difference in polarimetric 

0-6385 M 

readings in angular degrees, t - the difference between, 
the two temperatures, and I = the length of tl\e tube 
in decimetres. The method is not strictly accurate, for 
other sugars also sho'w changes in optical activity ^th 
change in temperature, though not to so marked an 
extent as laevulose. Dextrin may be estimated by the 
alcohol precipitation method. The sucrose, dextrin and 
invert sugar having bdbn determined, the rotation due 
to the \naltosc and the dextrose belonging to the starch syrup 
may be calculated; this, together with the combined 
weights of these conjtituents obtained by difference, will 
enable the relativejproportions of dextrose and maltose 
to be calculated (fur invert sugar, Wd = - 20-5 at 15°). 

Such methodd'of calculation,-have their hmitations, 
for the last r^ults bear the accumulated errors of the 
previous determinations. • A check can be obtained by 
the cjxpric reducing power, which will be due to the 
invert sugar, dextrose and maltose, but even then, the 
gallisin (see p. 380) is Ipft out of account. Again, the 
composition of starch syrup may be even more complex 
than has been assumed. 

A step further would be to destroy the fermentable 
carbohyxbates by means of ordinary yeast (cf. p. 371), 
leaving the dextrin (non-re^udng) ani the gallisin (re¬ 
ducing) to be determifted in the fermented liquid. The 
estimation of n?altose by differential fermentation has 
bben touched upon above (seep. 372). 
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Estimation of Sucrcke (3) in Presence of 
Lactose. 

t 

Such a mixture occurs in sweetened condensed milk. 
The estimation bf lactose *n orinRry milk by the cupric 
reduction method has beeh descrSjed on p. 276. The 
Gayaux test for sucrose in milk is given on p. 293. 
Elsdon ‘ has reviewed the various tests for sucrose in 
presepce of lactose, and gives preference to the Gayaux 
test in a modified form. 

^olarimetric MSthod for estimating Lactose and Sucrose 
in Milk .—The m^hod to be described may be used for 
the determination of lactose in ordinary milk; if sucrose 
is present, it may be estimated by inversion ,on the same 
lines as described under the pfeceding headings. Con-* 
densed milk will be assumed to have been diluted to 
about the same«pecific gravity as ordinary milk. 

To obtain p. clear whey for ^olarimetric reading, 
Wiley’s acid mercuric nitrate is ge|jerally used. This is 
prepared by dissolving mercury in, twice its weight of 
nitric acid of specific gravity i-4a'and diluting the 
solution with an equal volume of water. In order To 
correct for the volume of tlM precipitated fat and p»D- 
teins, and the specific gravity of the solution, Richmond 
and Bosely’s method * may conveniently be used. The 
sc^e reaings in angular degrees can be read as per¬ 
centages of lactose (in the absence of sucrose) if to 
100 c.c. of milk are added, (a) a volume of water ih 
c.c. = one-tenth of the degree of specific gravity (see 
p. 258); (6) a voltnne of water in c.c. = the fat^per- 
centage multiplied by i-ip ; (c) a volume*of water to 
reduce scale readings to percentages of lactose; with 
a 200 mm. tube, and reading in angulag degrees, the 

' Jnalysl, 1918, 292. * Antiyst, *897,98. 

• 
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volume is iO'85*c.c.; (d) a c.c. of the acid mercuric 
nitrate Solution. The njiMure is shaken and filtered 
through a dry filter and the polarimetric reading of the 
filtrate is takert. Dilutions »ecessary -Ivhen using other 
tube lengths and other t3?ites of polarimeter are given 
in the paper referred to, and in Richmond’s *' Dairy 
Chemistry.” 

If sucrose is present, the reading will be due f.o the 
combined effect of the lactose and sucrose. Inversion 
for the purpose of esttmating sucrose is best effected^by 
the use of invertase, the preparation of which is de¬ 
scribed on p. 388. Yeast may also be used.' Richmond 
gives the following directions:— 

25 c.c. of the filtrate from the acid mercuric nitrate 
treatment just described are placed in a flask, a drop or 
two of phenol phthalein added, and dilute caustic soda 
solution is run in till the liquid is neutral. The liquid 
is filtered into a 50 ^.c. flask, and the precipitate washed 
with water until thg filtrate measures about 45 c.c. 2 or 
3 c.c. of invertasb«extract or a gram of yeast, previously 
rubbed up with a> little water, together with a drop 
«<f acetic acid and a few. drops of toluene are added, 
and the whole is made up tq 50 c.c. The flask is corked 
and dlowed to stand at 55°*for five hours. A Uttle 
alumina cream is added and the whole made up to 55 c.c., 
filtered and examined in the polarimeter. The alumina 
‘cream is made by adding ammonia to a saturated 
solution of alum till skghtly alkaline, and then more 
alum solution till the mixture i^ faintly add; this 
dears the turbidity produced by the ^ast. It will be 
noted that the toluene (as well as the high temperature 
employed) l|indqis any fermenting action on the part of 
the yeast, but not the action of the enzyme. 'Volumes 
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• • 

are tak«n beneath the toli^ne layer ., The reading is 
multiplied by 2-2 to allow’fiw dilution. Th^ Clerget 

formula R$ = -j^^ give^ tlie rotation Rs Sue to 

•* 

the sucrose, wher^ R is the original rotation, I the 
,rotatjon after inversion multiplied by 2-2, and t the 
temperature at which both readings have been taken. 
If the dilution has been standardised by the above 
method so as to give direct readings of the percentage 
of lactose, then the^ percentage of sucrose may be calcu¬ 
lated by multipl5dng Rs by 66'5, the specific rotation of 
sucrose, and dividing by 52-5, the specific rotation of 
lactose. 

Inversion may also be effected by boiling with 2 per 
cent, citric acid ighich leaves the lactose unaffected (see 
p. 371). The proteins and fat of milk are precipitated 
by dilute citric acid, but difliculty*^ often experienced 
in preparing clear solutions by this method. 

If invert sugar or glucose should be'present as well, 
the apparent figure found for lactose wilT be abnormai 
in proportion to the other nplk solids. *This willfllsp 
show itself in a discrepancy^ between the total solids as 
estimated and as calcufaled from the sum of t&e^fat, 
protSins, ash, sucrose and apparent lactose. (See p. 283 
and p. 293.) In such a case* it will be necessary to 
ferment with ordinary yeast, which will destroy flie* 
sucrosd and invert sugar, leaving the laetpse which can 
then be estimated.* The fermentation method is de¬ 
scribed in the following section, together wittOthe cRtic 
acid method of invejsion. * • 

Carbohyirates in Infants’ Foods .—^The methods to be 
described were used by Qaker (footnote 2,*p. 311) in the 
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examination of the cold .water extract from- infants’ 
foods (see p. 359). ' 

For the estimation of dissolved carbohydrates, see 
p. 366. Soluble proieiHs, ifijiresent, can be determined 
ii^the residue obtained by 'evaporating a known volume 
of the solution, by the Kjeldahl method (see pi 26). 

Reducing Sugars as Dextrose other than Lactose.—Thesg 
were determined by the volumetric method of Ling and 
Rendle given on p. 373. If lactose was present, the 
reduction due to it was found as described below,"and 
allowed for. The sugars in question were mostly dex¬ 
trose and laevulose, but as they were orily present in 
small amounts no great error was committed in returning 


them as dextrose. > 

Cane S^gar.—This was determined by the increase in 
cupric reduction after boiling with aitric acid. 2 per 
cent, of citric acid should be used, and the solution 
boiled for at least 30 minutes. The increased re¬ 
duction is due to i,nvert sugar, and the amount of invert 
sugar thus found multiplied by. 0-95 gives the sucrose. 
«If more than 2 per cent, of sucrose was found, the 
.invertase method was usfd (see p. 388). 

Lactose .—^The solution vyas boiled with 2 per cent, of 
citric acid to invert any sucrose and thus to facilitate 
its fermentation. It was then exactly neutralised, cooled 
and treated with a little cold water extract of a diastatic 
■ inalt (see p. 354), which secures the decomposition of 
malto dextrins. (Thei addition of diastase would be 
unnecessary in dealing with a milk product containing 
only sucrdse and invert su^ar.) For 2 to 3 per cent, of 
mixed sugars, half a»gram of freshly washed brewer’s 
yeast was ^dde^ per 100 c.c., together with a little yeast 
water if the Elution was non-njtrogenous. The flask was 
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closed with a cotton wool plug and kept for seventy-two 
hours at 27°. Aft'er clearing with a little alumifla aeam 
(see p. 392), the solution was filtered, boiled, made up 
to a definite yolrftne and titrated with FeMing’s solution. 
It was found in control eiperime*ifs that the results 
were usually about 5 per cent, toojow. On the other 
.hand, the malto dextrins were found to leave a small 
unfermented residue which reduces Fehling's solution, 
the error amounting to from 3 or 4 per cent, of the 
mjfterial fermented. The error vfould be proportional 
to the proportion qf hydrolysed starch products present. 

HydrolyseU Starch Products .—These were determined 
by deducting from the total carbohydrates the other 
soluble bodies which had been determined separately. 

Part II. 

Alcohoi? and Alcoholic FfeRMENXATioN. 

Alcoholic fermentation is usually understood to con¬ 
sist essentially in the .decomposition* 6f certain mono¬ 
saccharides into carbon dioxide and aJeohoX through tl» 
agency of micro-organisms, nptably yeasts. The ejuei- 
tion as to whether any^iarjicular disaccharide or poly¬ 
saccharide will be fermented in this way, depends, first, 
on whether the organism contains an enzyme capable of 
hydrolysing it to monosaccharides, and, second, whether 
it contains an enz5rme capable of fermenting the resulting* 
monosaccharide. In the case of ardinaiy English brewer’s 
yeast, Saccharomycts cerevisiae, both conditions are 
fulfilled with respect to sucrose and maltoSe; buf, as 
mentioned on p. 372, certain yeasts are known which 
contain no maltase, and consequently,do jot fulfil ther 
first condition with respect to maltoSfe, Slthough they 
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will ferment dpxtrose. starch is not directly 

fermentable by ordinary yeast, as this contains no 
diastase, but certain moulds, Amylomyces Rouxii and 
Mucdrs B. arfi C. contain dioth diastase, and zjTnase, 
and are therefore able to‘convert starch into alcohol 
without previous saccharification by, diastase or mineral 
acids. This type of fermentation is employed in th% 
amylo process, which is used on the continent, but 
has not been permitted in England for the somewhat 
inadequate reason That it does not lend itself to 
control by the existing excise ipethods. Starch is 
saccharified for the fermentation by yeast, either by the 
action of dilute mineral acid which converts it into 
dextrose (see p. 373), or by the action of the diastase of 
malt which converts it into dextrin and maltose. In 
the manufacture of beer and somei spirits, diastatic 
action precedes alcoholic fermentation ; the alcohol in 
wine is produced b^ the direct fermentation of the sugar 
of the grape ; bfandy is the distillation product of 
fermented grape ^uice, whisky is generally derived firom 
■barley, and rum is. the fermentation product of molasses 
^r 'Sugar cane juice. Much potable spirit is, however, 
made by flavouring and (Jiluting alcohol prepared for 
the purpose. 

In addition to the many industrial uses of alcohol, 
e.g. as a solvent for many substances and in chemical 
synthesis, the question as to its possible use as a source 
of power as a substitute for petrol has come to the ftont 
in recent years. ' * 

hlcohbr is obtainable from a very' large variety of 
vegetable substances. • Among the starchy raw materials 
which fumph t}ie bulk of the alcohol produced, may be 
mentioned pbtato, maize, grain and waste matter from 
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the ma»ufacture of starch. Sugar joh'taining raw 
materials are beett sugar cane and beet molasses, and 
various fruits and flowers ; in this connection, mention 
may be made of the In(^an Mowra flowers {Bassia 
Laiifolia), which are at present treated for the pro¬ 
duction of alcohol by primitive mefcods. In Sweden 
|md Norway, alcohol is obtained from the sugar con¬ 
tained in the sulphite lye, arising through the hydrolysis 
of part of the cellulose during the manufacture of wood 
pulp* In a similar»way, alcohol can be produced from 
peat. ^ 

As might be expected of the product of a vital process 
from naturally occurring substances, fermentation alcohol 
contains various bye products ; its value depends on its 
relative freedom from such products. , 

Estimation of 4 lcohol .—If carbon dioxide is present, 
this is first removed by repeatedly pouring the liquid 
from one vessef to another, or bj^ filtration, and the 
sample is made up to loo c.c., or, if necessary, to a larger 
definite volume, with djstilled water., loo c.c. are then 
distilled from a flask of convenient sjze connected wit^ 
a straight tube condenser, untU 8o c.c. oWistillate have 
been collected. The distillate is made up to loo c.c. 
with distilled water, audits specific gravity deteAiinqd 
at 60* F. by means of the pyknometer or specific gravity 
bottle.* Reference to the acconipanying tables will show 
the percentage of alcohol in the distillate. In order to, 
calcnlafe the percentage of absolute alcohol in the sample 
before distillation, it will be necessary fo kno\f either its 

specific gravity dhd volume or its weight, and* likewise, 

• 

‘For a description hi the exact Setcnnination of specific 
gravities of liquids, see Allen's Commercial^al^sU.'’ Vol. I., 
pp. 5 ax»l 6, ipog^ediiion. 
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also, the specific gravity and volume or t^e weight of the 
distillate. 

Then 

Sp. gr. of distillate % vol. of di|^. in (^. ^ % o< al cohol ih dist. 

SpnF~<>fsampiexv^ri>rsany)iFlircx. 

= Percentage of absolute alcohol bj^ weight contained 
in the sample, or 

We ight of dist. x % of alcohol in dist. 

Weight oi sample taken 

= Parcentage of absolute alcohol by weight contained 
in the sample, roo j)arts of alcohol correspond to 169-2 
parts of starch. 

The above method for estimating alcohol is commonly 
applied to beers, wines and spirits. It is used largely 
for the determination of the “ original gravity ” of 
fermented worts, rf'.e., the specific gravity of the wort 
before fermentation, for excise purposes. The " original 
gravity apparatus ” consists essentfelly of a distilling 
flask connected to a vertically placed^ spiral condenser, 
of certain dimensions i by determining the specific 
gravities of the still relidue and the distillate, both# 
fluted to the original volume ojthe sampll, it is possible, 
to calculate the number of " degrees of specific gravity ” 
lost by the wort during fAjnentation. 

In Oetermining the alcohol in beer, 100 c.c. of the 
sample may be distilled till 80* c.c. of distillate have 
been collected. S^iirits containing about 50 per cent, or 
more of Sdcohol should be dilutediiefore distilling ; thus, 
50 c.c. of the sample# may be diluted tvith 100 c.c. of 
distilled water, and distilled until the distillat^ifieasufes 
100 c.c. 

The further examination of spirits includes the deter¬ 
mination of minute amounts of esters, alSehydes, highej 
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alcohols, fiisei oil, farfiiral; an acidity, volatile apd fixed. 
Wines are also examined &r extract, sugar, ash, fixed 
and volatile acids, etc., and beers for extract, ash, 
acidity, etc. The exa.nination for a.’difidal colouring 
matters and preservatives is dealt with in the next 
chapter. For further information on the examination 
of these products, the works on F'ood Analysis men¬ 
tioned at the end of this chapter, and Chapters VII. and’ 
IX., may be consulted. 


Impurities of Raw Spirit. 

The chief impurities are fusel oil, ».«. the normal 
and iso propyl, butyl and amyl alcohols, acetaldehyde 
furfurd, acids and ethyl esters. Certain substances 
giving rise to characteristic tastes jnd aromas, but 
which are very difficult to identify chemically, may also 
be present; their nature depends on the raw material 
and the method "of manufacture; mostly they are 
unpleasant, espepially those in alcohol made ffiom 
l?eet molasses, peat and wood. Artificial, flavouring 
maHers are lurgely added to potable spirits to simu¬ 
late the characteristic flavours which originally arose 
natuihlly from certain raw Wterials treated by certain 
methods. 

The chief methods fur the purification of spirit are 
fractional distillation and filtration over charcoal. In 
the rectification by modem methods, the fusel oil and 
furfural are remsved, and the production of esters from 
the alcohcl and adds during this process is avoided by 
the addition of alkalj. AMehyde can be removed by 
warming the 40 per cent, spirit to about 50' to 60* and 
passing a cfirrefit of air over the sur&ce. 
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In th| valuation of raw or rectified spirit, the taste 
and smell are important, ani proper judgment on these 
points can only be given by experts on the subject. It 
is often possible* to trace^ defeats ^n raw materials on 
methods of Manufacture to.their ojigin by the taste of 
the product. The same also applied to such materials 
as oils and fats, milk and dairy products (see p. in). 

* In 'addition to having a taste and smell which may be 
descriUed as neutral, a good rectified spirit should be 
ccdq^rless, and give a clear colourless mixture on the addition 
of water. 

Aldehydesr-To A c.c. of the spirit is added i c.c. of 
a freshly made lo per cent, solution of the purest meta- 
phenylene diamine hydrochloride in distilled water. 
After ten minutes the colour is observed, and coippared 
with the colours^ produced under exactly similar con¬ 
ditions with solutions of known aldehyde content which 
have been prepstred from pure aldehyde ammonia. 

Good rectified spirit should show rto aldehyde or only 
minute traces ; raw spirit may con^n up to about 
l'5 grams of aldehyde aS acetaldehydj per litre. , 

Furfural.—Tid& may be estimated colofcnetricallyibj^ 
the reaction given on p. 332.* To 10 c.c. of the spirit 
are added i c.c. of pure aceti! acid (see p. 127) aiuf i c.9. 
of freshly distilled pure aniline. The colour is observed 
after five minutes and comparrti with the colours pro¬ 
duced by solutions of furfural of known strength, undte . 
exactly .similar conditions. ^ 

Good rectified and taw spirits should«how iio furfural 
or only minute traces. 

Free Arid.—This may be detempned by titration with 
twentieth normal sodium hydroxide solution, using 
phenol phthalein as indicator. 

A.I.A. * 36 
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Good rectified spirit should only require at ^e most 
about o-e c.c. of alkali soluAon calculated as decinormal 
for neutralisation per 106 c.c. Raw spirit may require 
considferably larger apioants.^ 1 

Fusel Oil. —Kom^owsky’fi reaction for the detection 
of fusel oil is as fhllows; To 10 c.c. -fif the spirit are 
added i c.c. of a i per cent, solutioii of the purest sali- 
cylaldehyde in pure alcohol; 20 c.c. of pure sulphuric 
acid are then added carefully, and the whole is ihixed ; 
after twelve hours, the colour is observed. 

Pure spirit gives only a bright yellow colour, while 
spirit containing up to about i or 2 per cent, of fusel 
oil gives a red to dark red colour. This test may also 
be made quantitative op the same lines as described for 
the preceding tests. 

To carry out the above colour test^, pure chemicals 
are required, and it is advisable to make blank tests 
with alcohol of known purity. 

Esters .—These are determined by boiling with a 
known volume of'twentieth normal sodium hydroxide 
qnder conditions precluding the absorption of carbon 
dioxide from fee air, and the amount of alkali used up 
m the saponification of'the e.sters is determined by 
titratfim, allowance being' inade for the amount of 
alkali used up in neutralising the free acid. The tsters 
are calculated as ethyl'acetate. The process is com- 
, parable with the determination of the-saponification or 
ester value of fats (see p. 131). 

In whisky or irandy the above Junpurities are deter¬ 
mined on f.be distilled sample, and calculated as parts 
per 100,000 of absoluje alcohol present. The distillate 
on which the tests are made is adjusted to contain 50 per 
cent, of alhqhcll. It is necessary to use an efficient 
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condenser as some of the products to Jpe estimated are 
very volatile. 
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CHAPTER IX 

PRESERVATIVES AND ARTinCIAL COLOURING MATTERS IN 
. FOODS 

Part I.—Preservatives 
Introductory 

All foodstuffs are liable to decomposition and decay 
through the agency of micro-organisms, and if they are 
to be kept for any length of time in a state fit for human 
consumption, it is sometimes necessary to adopt some 
means for their Reservation, by which the micro¬ 
organisms which tjiey contain may either be destroyed 
or temporarily fendered sufficiently inactive to prevent 
them from apmeciably affecting the food. 

I The method of heat stprilisation and subsequent pre¬ 
servation in hermetically loosed vessels, as practised in 
the canning industry, has for its object the destruction 
of the micro-organisms by heat (see Chapter VI.^ and 
t^e protection of the food from farther contamination 
until it reaches the consumer. Prekrvation by cold 
storage is based on the &ct that micro-organisms'become 
inactive af low temperatures, while the treatment of.the 
food with'’wood smoke, salt, sugar oi* other substances 
has a similar effect,'the temporary checking of 
the activity of,the micro-organisms, without, however, 
destroying t£en(. 


404 
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Heat tterilisation, if effiaeptly carried out, is naturally 
more thorough in its effects than the other methods just 
mentioned, though it has a real disadvantage when 
applied to n}any*foodstufS| owing to the* partial 3 ecom* 
position suffered by proteifis and aarbohydrates under 
the influence of heat. (See Chapter VI., the Heat 
•Sterilisation and .Pasteurising of Milk, also Condensed 
MUk.), 

In cases when, for this and other reasons, the food 
caiJhot be completely sterilised b^ heat, recourse may 
also be had to CQld storage and sometimes also the 
addition of preservatives. Cold storage and addition of 
preservatives may also be practised simultaneously. 
The merits and disadvantages cf the latter method will 
be discussed below; it may, however, be pointed out 
here that, generally speaking, it would probably be in 
the best interest of the consumer if the method of cold 
storage were employed in preferenij to the addition of 
preservatives, wherever possible. 

In the present chapter we are confcerned with the 
method of preserving by the addition «f certain chemicals 
with the object of inhibiting the growth and development 
of micro-organisms in the f9od; among the sub^tahees 
which have been used in this capacity, the following may 
be mentioned; Common salt^ boric acid and borax, 
sodium fluoride, sulphites and sulphurous acid, benzoic 
acid and benzoates, salicylic acid and salicylates, 
formaldehyde, p naphthol, atarastol or asaprol (the 
calcium sMt of ^ nJphthol sulphonic acid),- hydr^en 
peroxide, saccharin, formic ^add and formates, nitrates 
and nitrites. As regards the advisability of permitting 
such substances to be added to fqpds, two main 
(juestions come into consideration:— * 
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Firstly, the question as, to whetljer the stibstance 
added is'injurious to healfh, even in minute proportions, 
or has, an undesirable effect on the food with which it 
homes into contact, dnd if not, the maximum proportion 
in which it can be ^dded without prejudice to the pur¬ 
chaser. While the use of such a preservative as common 
salt has long been recognised and sanctioned in all. 
countries, considerable diversity of opinion still, exists 
as to the advisability of permitting the use of certain 
preservatives, such as borax, boric acid or benzoic 4 cid 
in small quantities ; other preservatires, such as sodium 
fluoride and formaldehyde, are generally looked on as 
distinctly injurious to health. 

Secondly, there is tile question as to whether, with 
proper'organisation, care and cleanliness, it is possible 
to supply a given article of food to the consumer in a 
fresh and pure state, without the addition of preserva¬ 
tives. If this be the case, then the use of preservatives 
must obviously be looked on as decidedly objectionable, 
as it may o^ten be practised m order to temporarily 
Aiask undeanijnesS in treatment. This point will be 
farther discussed below, in dealing with the subject of 
preserFatives in milk. c , 

'The law of the United Kirigdom does not definitely 
prohibit the use of any given substance as a preservative 
for foods, nor does it actually set any 4efinite limit as to 
' the proportion in which any given preservative may be 
used. 

^ctioq j of the Sale of Foods and l^ugs Act of 1875 
provides that " No person ^hall mix, colour, stain, or 
powder . . . any arti 61 e of food with any ingredient or 
material so<as hs render the artide injurious to health, 

. *. . under a penalty in each' case not exceeding fifty 
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pounds»for the first offence^; every offjnce, after convic¬ 
tion for a first offence, shall be a misdemeaftiour, for 
which the person, .on conviction, shall be imprisoned for 
a period not exdeeding sij monfhsewithliard labour.” • 

Very few prosecutions hsfve beeivinstituted under this 
section, and practically all prosecutions are instituted 
undfr section 6 of the same Act, which is to the following 
effect^:— 

“ No persons shall sell to the prejudice of the purchaser 
arty article of food'or any drug whfch is not of the nature, 
substance, and qqjdity of the article demanded by such 
purchaser, ‘under a penalty of twenty pounds. . . ." 
Exceptions are made in the case of foreign matter not 
injurious to health, necessarily or unavoidably added iui 
the preparation of the food or drug, and not with the 
object of firaudulently increasing its bulk or weight, or 
concealing its mferior quality ; also in the case of pro¬ 
prietary or patent medicines, supplied in a state required 
by the specification of the patent. ^ < 

The purchaser is not held to be pilejudiced if notice 
was given him at the time of the sale tW the artirie 
sold was not of the nature, substance aifd quiility «f the 
article demanded ; on the pther hand, in order to show 
that the article was sold to the prejudice of tlie pur¬ 
chaser, it is not necessary to show that he has sustained 
actual prejudice or damage. 

Questions as to whether the purchaser shall be held 
to have been prejudiced by *he addition of material 
injurious to health to the article supplied, or otherwise, 
are usuaily decided with reference to the dpmion? and 
recommendations of the Medical Officers of Health and 
other experts. No further legislationjias Resulted firom 
such recommendations except the Pilbllt Health (Milk 
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and Cream) Repilations oj 1912, referred t* below 
under tbe heading of Preservatives in Milk; Cream, 
Butter and Margarine, and the Ministry of Food order 
prohibiting the' addition of oplouring faatt;er or water 
to milk, not sold for consubiption on the premises of 
the seller. This matter will be mote fully dealt with 
below, under the various headings. 

In the United States the law forbids the sale of food 
containing poisonous or deleterious substances which 
may render the food 'injurious to health, but does fiot 
deMtely prohibit or limit the use of s^ny given preserva¬ 
tive. Some preservatives, such as boric and salicylic 
adds, and formaldehyde, are, however, held to be in- 
. jurious to health, and prosecutions have been success¬ 
fully maintained against them; the matter is at present 
under investigation. 

In France, Germany, Austria-HungaiTf and Holland, 
the law is, generally sjieaking, more explidt and stringent 
•with regard to the of preservatives ; either certain 
preservatives may«-be totally prohibited, or the use of 
preservatives in certain foods may be forbidden. 

Preservatives in Milk, Cream, Butter and 
Margarine. 

The provisions of the Public Health (Milk and Cream) 
Relations of 1912 are, briefly, as follows: The addition 
of preservative substance of any kind to milk infended 
for sale for human ^lonsumption is ateolutely prohibited; 
also the s^d, or offering, exposing or keeping for sale, of 
milk containing any preservative. . 

The addition o^preservatives to cream which contains 
lesf than 35 ptr cent, of fat is prohilnted, and the only 
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preservatives which may be added to caeam which con¬ 
tains more than 35 per cent, fat are boric acid and 
borax, or mixtures, of these, and hydrogen peroxide. 
Cream containing preservative mflst be described as* 
" Preserved Cream,” on a label on thp vessel in which it 
is sold,’ and in all advertisements, price lists, etc., used 
in connection with its sale ; if it contains boric acid or 
borax, .the amount of these substances, calculated as 
boric acid (HjBOj) must be accurately stated on the 
labdfas not exceedihg a certain limit. 

The main reasons why preservatives should be ex¬ 
cluded from milk are stated in the circular letter of the 
Local Government Board, dated July nth, 1906, as 
follows : " Under the influence 6f these preservatives,* 
milk may be exposed without sensible injury to con¬ 
ditions which woftld otherwise render it unsaleable. It 
may remain sw^pet to taste and smell, and yet have 
incorporated disease germs of varioi!^ kind, whereof the 
activity may be suspended for a timp by the action of 
the preservative, but n^py be resumed" agpin after the 
milk has been digested. The Committee^ after hearing 
evidence from milk traders, concluded that the addifiow 
of preservatives to milk ij not necessary for the pujposes 
of the^milk trade . . . and the Committee recommended 
that no preservatives should be added to milk’." A’ 
further important.reason for the above recommendatiqp 
was the fact that milk is largely consumed by children 
and in^^ds, individuals who woyld be especially 
susceptible^0 the harmful influence of any presjrvatjire. 

The addition ol preservatives to milk is prohibited in 
most other countries.* 

* The evidence on which these observatiom wcee based was 
chiefly in connection with boric acid and {ormaldthyde. 
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With regard |o cream, no dehnite limit has< been set 
on the amount of boric acid which may be used for its 
preservation. In his report to the, Local Government 
Board on the 'Use of Breseryatives in'Cream, 1909, Dr. 
J. M. Hamill recommended that the maximum amount 
of boric acid (HgBOs) should be 0-4,per cent, from May 
to October, inclusive, and 0-25 per cent, during the rest 
of the year; for the present, however, it is probable 
that prosecution under the Sale of Foods and Drugs Act 
would not succeed for less than o-j per cent, of fcoric 
acid. In the report mentioned aboye, it is pointed out 
that as cream is used to a considerable extent as food 
for children and invalids, individuals specially sensitive 
to boric acid, the declaration of the presence of this 
substance should be made obligatory, in order that it 
may be avoided by those who object to it. 

In France and most of the United States of America, 
the use of preservatives in cream is prohibited by law ; 
in Germany, persons selling preserved cream are liable 
to proceedings' 'under the Nahrungsmittelgesetz of 
S879. c 

. As regards Gutter and margarine, it was recommended 
in thp circular letter of tjie Local Government Board 
referred to above, that the orJy preservative allowed in 
these foods should be boric acid or borax, in proportions 
not exceeding 0-5 per cent., expressed as HjBOj. It is 
probable that for the purposes of the Sale of Foods and 
Dtugs Act, the limit wuuld be placed at 0-5 per cent, of 
boric acid-; thus, a prosecution fof 51 grains per pound ^ 
of Soric acid in margarine succeeded, while a conviction 
for 23 grains per ptJund of boric acid in butter was 
quashed at the Quarter Sessions. It is, however, doubtful 

e 

^ 35 grains per pounu -0'5 per cent. 
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whether*the use ot any preservative <)ther than boric 
acid (or salt) would, in itself, bf considered an o*ffence. 

In Germany, Hplland, and some other countries, 
preservative^ ex1;ept salt,*are proBibite(f in butter and 
margarine. 

Before starting on the description of the methods for 
the detection of preservatives in milk, cream, butter and 
margapne, it may be mentioned that milk is rarely 
treated with preservatives; formaldehyde is the pre- 
scrflhtive which ha5 most commonly been found in milk ; 
this and boric acid jire the only preservatives which need 
be looked for in routine practice. On account of the 
importance of excluding preservatives from milk, how¬ 
ever, methods for detecting moA of the commoner pre¬ 
servatives in this article of food are given below. • 

Sodium Carboitate or Bicarbonate in Milk .—^These sub¬ 
stances have ng antiseptic action, but would be added 
in order to neutralise the lactic a^d produced in the 
souring of the milk (see Chapter VI.), and thus to prevent 
coagulation. The growjh of the bactetia i^ not impeded. 

According to Pad6, the ash of 10 e.c. ^f genuine milk 
should require only i drop, of decinormal acid* for 
neutralisation (indicator m«thyl orange); if an, alkali 
carbonate has been add^, more add will be required 
for neutralisation of the ash. 

The estimation of added carbonate by this methpd 
may be interfered with owing to the conversion of some' 
of the carbonate to phosphate during^the indneratidn ; 
in order to allow for this, it is recommended that the 
soluble phosphate should J)e determined in the ash, 
recdculated to sodium carbonafte, and added to the 
amount of carbonate already found by tiljation. 

Soxhlet and Scheibe estimate the carlJon’dioxide in the 
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ash of the milk they stateVhat ash from genuine milk 
should ifot yield over 2 p«r cent, of carbon dioxide. 

A test sometimes used is the ro?olic acid test. To 
•about 10 c.c. df milk are added an eq&al yolume of 95 ' 
per cent, alcohol, and two br three drops of a solution 
of rosolic acid made by dissolving p-i gram of'rosolic 
acid in 2-5 c.c. of alcohol and diluting to 100 c.c.. with, 
water. A rose pink coloration indicates the presence of 
sodium carbonate. 

Milk from cows with diseased udder often ha»'an 
abnormally low acidity; for the detection of udder 
disease, Hoyberg recommends Hilger’s test, which con¬ 
sists in adding to 5 c.c. of milk half a c.c. of a i per cent, 
solution of rosolic acid<in 96 per cent, alcohol. If the 
reaction is normal, an orange colour is obtained; if 
alkaline, the mixture becomes red. 

Sodium carbonate has been known to have been added 
to mUk in the proportion of i part of the anhydrous salt 
per litre. 

Detection of Boric Add (or Borax), (a) In Milk or 
Cream .—^Boric acid or borates may be detected by means 
of the characteristic reaction with turmeric. The test 
is very conveniently carried out in the form recom¬ 
mended by Bolton and RevisAbout i c.c. of the milk 
is plachd in a flat dish and well mixed with a drop of 
strong hydrochloric acid, and then with a drop of a 
saturated alcoholic solution of turmeric. The mixture 
is evaporated to dryneso on the water bath ; when the 
residue is dry, boric acid, if presertt, will give rise to a 
salmon pink colour, as little as 0-02 per cent, being 
detectable. ’• 

( 4 ) In BtiUer (rt Margarine .—^Boric acid may be de¬ 
tected by ex&mining, as described above, the aqueous 
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serum ujiich collects beneilh the fat wti€n the butter 
or margarine is mfited and allowed to stand in* a cylin¬ 
drical vessel at about 6o° for.afl hour or two. 

The EsHmatiot* of Boric Acid.' («) In Milk or Cream., 
—^The most generally used method {or the estimation of 
boric add depends on the fact that while free boric acid 
jioes not react add towards phenol phthalein, it forms 
compounds, usually looked on as condensation products, 
with polyhydric alcohols, such as glycerol and mannitol, 
whiih can be titrated with caustio soda solution in the 
presence of phenol phthalein. Under these circum¬ 
stances, boric ad 3 (HjBOj) behaves, in effect, as a 
monobasic add. 

The most convenient method fit estimating boric acid 
in milk or cream is that of Richmond and Miller ; To 
10 c.c. of the milk or lo grams of cream is added half 
its volume of a half per cent, solution of phenol phthalein 
in alcohol; decinormal caustic so^g solution is run in 
till a pink colour appears, when {He mixture is boiled 
and titrated back with decinormal ajid till white, and 
then with dednormal caustic soda tii) ver^ faintly pinl{. 
Glycerol is then added in amount suf&cilht to mak^ up 
30 per cent, of the total volume, and the titration with 
dednormal alkali is continued without further hlatir^. 
The tiumber of c.c. of dednormal alkali used in the last 
titration, less the blank value for the glycerol, multiplied 
by 0-0062, gives the boric add as H,BOj. 

(6) In Butter and Margarine.f-Tbe following method, 
which is based on the same prindple# as th^ preceding 
one, is conVenieift and rapid. 25 or 50 gramtf are mated 
and heated in a flaslf with ^5 or go c.c., respectively, of 
a solution containing o-i per cent, of concentrated sul¬ 
phuric add and 5 per c^nt. of sodiui* safphate. The 
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mixture iS shaken from tii^e to time and heated in a 
boiling water baj.h until the curd is ceen to have been 
coagulated. When the ■ fat and water layers have 
separated, the,jatter is, blown off by jneans of a wash 
bottle arrangement through_^£ dry filter. To 20 e.c. of 
the filtrate is added a drop of methyl orange solution, 
and the liquid is neutralised by running in decinormal 
caustic soda, or, if preferred, a slight excess of soda! may* 
be added, and the adjustment made by running in 
decinormal sulphuric ^acid. 2 to 3 c.c. of half per c^nt. 
phenol phthalein are added together with one-third the 
total volume of glycerol or i-s grarii of mannitol, and 
the liquid is titrated with decinormal caustic soda till a 
faint pink colour is obtained. The number of c.c. of 
soda solution used in tJie final titration, multiplied by 
O'OSSS.’gives the percentage of boric acid in the sample. 
Usually a small blank value amounting to o-02 is found, 
and this may be dejjucted from the peicentage found. 
The above factor takes into account the dilution owing 
to the water intr&dficed with the sample, and gives 
results sufficiently accurate for most purposes. If de¬ 
sired, a factor may'be calculated from the known water 
ifercentage of the actual "sample, i c.c. of decinormal 
soda being equivalent to 0-0062 gram of boric acid. 
The remainder of the filtered liquid may be used foe the 
estimation of salt. 

Estimation of Salt in BuUer and Margarine .—5 c.c. of 
the filtered liquid obtained in the preceding process are 
diluted with 20 c.r. of distilled wat^ and titrated in the 
usua' manijer with decinormal silver nitrate solution, 
using potassium chromate as indicator. The number of 
c.c. of silver nitrate solution, multiplied by 0-13, gives 
the percents;^ of salt in the sample. This factor is 
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obtained^in the same way fs the factor for boric acid 
given above. 

Detection oj Salicylic and Benzoic These sub¬ 

stances may be ^dded as such, sr jn thfv form of* their 
sodium salts.' In most coflijtries their use as preserva¬ 
tives for butter or margarine is neft allowed, and in 
France they are definitely prohibited by law, in all 
foods.’ 

{«) At Milk .—Girard recommends the following pro- 
cess^for the detectipn of salicylic acid in milk ; it may 
also be applied for the separation of benzoic acid: loo 
c.c. of the milk are fliluted with loo c.c. of water at 6o°, 
treated with 8 drops of acetic acid and 8 drops of a 
saturated solution of mercuric^ nitrate, shaken and 
filtered. The acid filtrate, which has thus been freed 
from fat and proteins, is extracted with ether, which will 
take up the salicylic or benzoic acid. Chloroform is, 
however, preferable as it does not take up water to the 
same extent as ether. The ethereal V chloroform layer 
is separated oft, filtered through a drjT filter and allowed 
to evaporate spontaneously in a dish; salicylic or hem 
zoic acid, if present, will then be obtained as a white 
crystalline powder. For identification, the crystals may 
be sublimed on to a watch'glass and tested for* their 
meltiag point; salicylic acid melts at 155° to 156,°, and 
benzoic add at 121°. The following reactions may also 
be used for the identification of these acids: In neutral, 
aqueous or alcoholic solution, salicylic add gives a fipe 
violet coloration on the addition of as drop or two of 
neutral ferric chloride solution, and benzoic acid givts a 
buff-coloured predpitate with the ^me reagent in neutral 
aqueous solution, ft an aqueous solution of benzoic 
add is warmed for five to ten minute qrf the water 
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bath withh few c.c. of a 0-5 ^ cent, solution of hydrogen 
peroxid^, the binroic acid is partiaUy converted into 
salicylic , acid, which may be recognised by the reaction 
just described., A delicate reaction fop the detection of* 
benzoic acid in the absenije* of salicylic acid is given 
under the next heading. (See also p. 434.) 

(6) In Butter and Margarine .—^Thb following method 
has been devised by Robin * for the detection of benzoid” 
acid; it may also be adapted for the separation of 
salicylic acid: 25 gr,ams of the melted butter or mar¬ 
garine are shaken in a separating funnel with 50 c.c. of 
a I per cent, solution of sodium bicUrbonate, 15 c.c. of 
alcohol being added in order to facilitate the separation 
of the fat from the aqueous liquid. After shaking with 
a rotary motion, so as to avoid the formation of a 
troublkome emulsion, and allowing the layers to 
separate, the aqueous alcoholic Uquid is run off, treated 
with 7 to 8 drops of sulphuric acid, heated to boiling, 
shaken with a little fuller’s earth (in order to facilitate 
the separation of the proteins), and filtered through a wet 
filter. The cooled filtrate is shtken out with 40 c.c. of 
ether, and the ethereal extract, containing the benzoic 
dr salicylic acid, is separated off and shaken with 20 c.c. 
of water and 5 c.c. of alcohcfi tocemove excess of mineral 
aiad, pnd then with 20 c.c. o^ a i per cent, solution of 
sodium bicarbonate and 5 c.c. of alcohol. The alkaline 
, solution, which will contain the benzoic or salicylic acids 
as sodium salts, is run into a small dish and evaporated 
to dryness on th? water bath. A small pcotion of the 
residue may now be tested for salicylic add by dissolving 
in water and adding neutral ferric chloride to the neutral 
solution: if salicylic add be absent, the bulk of the 

‘Ann. de ( 3 vtn."ALppl., 1908,13, 431, abs. Atulysl, 1909, 18. 
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residue gray be tested for iJlnzoic acid by'the following 
delicate reaction :* Add 5 c.c. of concentrated sulphuric 
.acid and 10 drops of fuming nitric acid, and heat carefully 
until white fumes'are given off. ,Pou» the resulting 
mixture, whfch should be colourless.or light yellow, into 
50 c.c. of water, and add sufficient concentrated ammonia 
solution to give a decidedly alkaline reaction. After 
cooling, add ammonium sulphide solution drop by drop ; 
if benzoic acid was present in the sample, an orange 
yellow coloration will be produced, depending on the 
formation of the ammonium salt of an amido nitro 
benzoic acid*. By this method, the presence of 0'05 per 
cent, of benzoic acid in the sample may easily be detected. 
(See also p. 434.) 

The Detection of Formaldehyde in Milk .—Tlys pre¬ 
servative is genejally looked on as poisonous ; a further 
objection to its use is that it enters into chemical com¬ 
bination with proteins. It should fce tested for in milk 
before the sample is too old, as it’(the formaldehyde) 
disappears in time. 

IJehner’s test for forhlaldehyde in ^pilk, is modified by 
Richmond and Bosely, is as follows : Th#milk is dilute^ 
with an equal bulk of water, and 94 per cent, sulphuric 
acid containing g trace dtalerric salt is added in'sucl^a 
way •that it will form a layer under the milk; dn the 
presence of formaldehyde, a violet coloration is formed at 
the jimction of ftie layers ; in the absence of formalfle-* 
hyde, tsnly a brownish yellow jtinge will be observed, 
"nus test, which is ofrextreme delicacy,*is only applicable 
to milk, ^f the Indication is watched for, fofiftaldeByde 
may be detected in Jhe coufee ofihe carrying out of the 
Gerber or similar test (see p. 269). The commercial acid 
used contains sufficient iron, as a rule, to^ve the reactiqp. 

A.tA. 'z; 
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Another method is to add lo loo c.c. of the mjlk i c.c. 
of dilute' sulphunc acid (i part acid to 3 of water), 
and to distil over about do c.c. Formaldehyde may be 
tested‘for in the distillate b^ a variety of reactions. 
Schiff’s reagent, whi^h consists of a solution of magenta, 
which has been ble^hed by the addition of just the 
requisite amount of sulphurous acid, gives an intense^ 
red coloration in the presence of formaldehyde after 
standing for a few minutes. It is pointed out by Rich¬ 
mond that the distillate should be rendered faintly sfid 
with hydrochloric acid before adding the reagent. 
Hehner’s test for formaldehyde consists in the addition 
of a drop of a dilute aqueous solution of phenol, and 
running strong sulphuric acid down the side of the test 
tube. A bright crimson coloration is formed at the 
junction of the layers, if formaldehyde is present. 
Monier Williams ‘ has called attention to a proprietary 
preservative, “ mystyi,” consisting of sodium nitrite and 
formaldehyde. Nitrous acid masks the Hehner test for 
formaldehyde, but, fie points out that the addition of a 
little urea destroy? the nitroi^ acid whereupon }he 
reaction may Be obtained. 

In addition to the objections to the use of formalde¬ 
hyde milk, already mentioned, it may be pointed out 
that this preservative has been shown by SommerfeM to 
have a more pronounced action on the relatively harmless 
organisms, «.g., the lactic acid produdhg bacteria, than 
on the pathogenic and jpptrefactive organisms whidi may 
occur in milk. This was found to be the case when 
forntUdehyde was added in the proportion of I'to 10,000. 
It is obvious that if the activity of tjie harmless bacteria 

^ Rtport to L^cat (government Board on Public Health and Medical 
Sifbjects, New Smast No. 6o, Food^ Reports, No. 17. 
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is implied to a greater legree than that of the more 
injurious organiStas, the latter will Ife able ifi develop 
more freely and render the piilk unfit for use. ■ (Compare 
Chapter VI., p.sa^s et sea.) 

The Detiction of HyMo^en Peroxide in Milk .—Like 
formaldehyde, this preservative is ^adually decomposed* 
by milk, and disappears after a time. Hydrogen per¬ 
oxide is decomposed into water and oxygen by a milk 
enzyme known as catalase, which is looked on as distinct 
frgm the enzyme peroxidase, to which the Storch re¬ 
action is due (see p. 287). The catalase test is based on 
the measwemenf of the amount of oxygen liberated 
from hydrogen peroxide under standard conditions, high 
values being obtained with piilk derived from cows^ 
suffering from udder disease owing to the fact that 
blood corpuscle are rich in catalase. As cataSase also 
appears to be secreted by some micro-organisms, the 
test only has* diagnostic value when applied to fresh 
milk. Hinks^ has shown that irmore hydrogen per¬ 
oxide is added to milk than can bd.decomposed by the 
cJyfalase present, the bxcess of hydrogen peroxide i^ay 
persist for a prolonged period. The hydrogen pejoxide 
is decomposed into water and oxygen by a cataljftic 
action, the nascent oxygen having a bactericidsS action. 
ThS principle was utilised in Budde’s process fos sterilis¬ 
ing milk. Hydrogen peroxidS was usually added in the 
proportion of about 0-05 per cent.; sometimes the fliilk 
was heated with the hydrogen^roxide in closed vessels 
to 50“ for 8 to 10 hours, after which*it was supposed to 
be sterift. Hr has, however, been shown tha* the 
hydrogen peroxide^ does dot dejtroy all the pathogenic 
organisms when used in the concentration mentioned, 

1 Arufy ^, 1915, 481!, • 
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while if the amount necessarj^or complete sterilisatior 
i.e., 0'4 per cent., is added, a bitter tasfe is produced. 

Hydrogfen peroxide may be detected by adding t 
about ib c.c. of'the reilR a fey drops of a freshly prc 
pared solution of potassium iedide and starch, and the 
'a very small quantity,of dilute ferrous sulphate solution; 
in the presence of hydrogen peroxide, a blue colorafion 
will be developed. The reaction is extremely delicate. 

The Storch test (see p. 287) may also be used for the 
detection of hydrogen peroxide, omitting the addition*of 
this reagent. It is advisable to add frjsh milk free from 
hydrogen peroxide to the sample tested to bnsure the 
presence of peroxidase. 

, The Detection of Sodium Fluoride .—The milk, cream 
or aquepus serum from butter or margarine is made 
distinctly alkaline with milk of lime, evaporated to dry¬ 
ness and incinerated. The ash is placed in a platinum 
dish, moistened with/water, and 5 c.c. of concentrated 
sulphuric acid are added. The dish is then covered with 
a watch glass which has been coated on the under side 
with paraffin wax, the latter having been scraped off an 
a few.places. ( 5 entlc heat,is applied, care being taken 
not to melt the paraffin. If the exposed parts of the 
glass become etched in the course of about half an hour, 
the presence of fluoride may be inferred. In the presence 
of compounds of boron, the test must be modified as 
described under the next heading. 

Monier Williams (footjote, p. 418) has proposed the 
following rapid tesffor fluorides in butter and margarine : 
10 gAms bf the sample are melted arid shaScen in a 
separating fuimel with other and 1 /nr 2 c.c. of water. 
The aqueous layer is run off into a test tube, a few drops 
of Jhyirogen peroxide added, ,apd 1 c.c. of a solution 
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contaiiyng about 2 per efent. of tit|nium sulphate in 
10 per cent, sulptiuric acid. In the presence df fluoride, 
the orange yello^ colour »f the titanium solution will 
be partially diAiharged, gs may be seeR on comparison 
with a blank test. The test may^also be carried out 
on milk, using thj whey obtained iy curdling the milk 
witlj a little acid and filtering. 

Richmond has shown that sodium fluoride has no 
preserving action on milk unless added in amounts of 
mwe than o-i percent. 

The Detection 0^ Fluoride in presence of Boron Com¬ 
pounds in Butter and Margarine. —^The test for fluoride 
is complicated by the presence of boric acid or borax, 
owing to the formation of fluoboric acid, which has no« 
etching effect on glass. As many butters and maegarines 
contain boric acid or borax, Otto and C. W. Hehner have 
devised the following test: 50 grams of the sample arc 
melted and mixed with 50 c.c. of hcl^ water ; the aqueous 
layer is separated from the fat in a separating funnel and* 
made alkaline with sodium carbonefe. After adding 
an, excess of calcium chloride, the liquid is evaporated 
to dryness; the residue is .incinerated, and the a*h 
extracted with dilute acetjc acid, transferring ^t to a 
filter and washing wifh the acid. The boron com- 
pouSds are thus dissolved, while the calcium fluoride 
remains on the filter. The filter with the insoluble 
ash is transferred to a platinum dish, dried ancf 
indnefated. The ash is thei* tested for fluoridd" as 
described above. 

Preservatives in Meat,* Winp and other Foods. 

Most of the methods for the identific|tio^ and estima¬ 
tion of preservatives givdn above may1)e%pfflied in the 
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case of other foo4s, the method of extracting the pre¬ 
servative Wng varied to suit any particular case. Solid 
or semi-solid foods, such as meat or sapsages, are usually 
cbmminuted and exfracted \(|ith watdr; the filtered 
.aqueous extract mqy then he acidified and extracted 
with chloroform, when such preservatives as benzoic 
and salicylic acids, or saccharin, will pass into, the, 
organic solvent, while fluorides, boric acid, etc., will 
remain in solution in the aqueous layer. In some cases 
it may be convenienl to render tha aqueous extuact 
'alkaline and to evaporate it to a jmall bulk before 
acidifying and extracting with ether. Liquids may be 
treated in the same way as the aqueous extract from 
' solid foods. Another general method is to steam distil 
the material in presence of phosphoric acid, when benzoic 
and salicylic acids, etc., and sulphusous add, firom 
sulphites, will pass over with the distillate. 

As examples of ^e methods generally in use, the 
' detection, and in sojne cases also the estimation, of some 
of the coitraiqnef preservatives in meat and wine wffl 
b6 described. Besides common salt, nitre, sugar, wood 
smoke, vinegar and spices, the commonest preservatives 
used in meat and meat food,products are formaldehyde, 
boric acid or borax, and sulphites (usually sodium or 
caldurn bisulphites). T\ie use of the latter preserva- 
tivjes in meat is forbidden by law in Germany and the 
tjnited States. American packers mayl however, under 
the' direction of the fordgn purchaser or his ageitt, add 
presfrvatives to meat and meat fodd products intended 
for export. In proportions wHch do not conflict with the 
laws of the foreign c6untry to which they are to be 
exported. ‘4 s hjs already been pointed out, the law of 
the United l&n|dom contains, no definite jmhibitions 
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for the jse of preservatives^ foods, except in the case of 
milk and cream. *It may be mentioned that a oonviction 
, for zg grains of boric acid.pSr ponnd in sausages was 
quashed under section 6 of the'Faod aifd Drugs'Act qf 
1875, while prosecutions Save succeeded for 40 grains of 
boric acid per pound, and larger quantities, in similar 
^foodstuffs. Form^dehyde is generally held to be harm¬ 
ful; it is used for fumigating meat intended for long 
transft, and is a very efficient preservative, but has a 
haynful effect on the digestion. • 

The Departmental Committee on Preservatives and. 
Colouring Matten in Foods, 1901, recommended that 
the use of formaldehyde or its preparations in foods or 
drinks be absolutely prohibited.. In a report to the Local 
Government Board, 1909, Dr. Buchanan reconynended 
that meat traders and importers should consider the 
practicability of limiting the use of formaldehyde to the 
adequate disinfection of the holds in which the meat is 
to be conveyed, before it is intraiuced. In a report, 
to the Local Government Boarifi • Dr. MacFadden 
pojpts out that a considerable proportion'of the sampjps 
of canned meat foods, both of Britistf and American 
manufiacture, examined by different analysts, contained 
either boron or sulphitd preservatives. In revie^ng,he 
recotnmends that " steps should be taken to secure that 
specified chemical preservativis should not be used in 
the preparatioif' of canned meats intended for use* is 
this country," and that " in ai^ schedule of prohibited 
preservatives, boroivcompounii, sulfAiites and prepara¬ 
tions of Sulphurous add, benzoic add alid fortbalin 
should be included," * , 

i Reports oi Inspector of Foods, No. 6. “ 0 | Preservatives 
in Meat Foods Packed in Cans or Glass." sgoSi 
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The chief preservative us^ in wines, beers a#d other 
beverages, is salicylic acid. The Departmental Com¬ 
mittee oh Preservatives and-Colouring Matters in Foods, 
rgoi, fecommehded thal this preservative should not be 
used in a greater proportion than i grain per pint in 
liquid food, and l gjain per pound in solid food. • Quite 
a,number of prosecutions have been successfully main-, 
tained against salicylic acid, though the results show 
but little uniformity ; thus cases may be cited in which 
prosecutions for 13 gfains per pint im ginger wine failed, 
and 7-2 grains per pint in similar ^ material procured 
conviction. A prosecution for 1-7 grains pdr lb. in jam 
failed, while 2-67 grains per lb. procured conviction. 
Besides salicylic and benzoic acids, beverages may be 
preserved with sulphites, fluorides and boric acid. 
Saccharin is sometimes added to \wnes and sweet 
beverages in order to reduce the amount of sugar and 
lessen the fermentJ^on; it is said to conceal inferior 
quality, and also to have a harmful effect on digestion. 
Fruit juices, jams, etc., may be preserved with benzoic, 
salicylic, boric and formic acids.' , 

r Ilk, German/ practically all the preservatives men¬ 
tioned above (and in the c^ of acids, also their salts) 
aie forbidden by law in meat'and wine. Sulphurous 
add and sulphites, not being considered poisonous, are 
not excluded from wine.' They are, however, prohibited 
•in meat, as sulphurous add tends to restore the colour 
of bad meat. In Francj, most of the common prfeserva- 
tives are forbidden in wine, while the use of salicylic 
acid^ benMc add, and their salts, and'formaldehyde as 
preservatives is forbidden altogether 

Detection and Estinmtion of Formaldehyde in Meat .—The 
rqgction give* a^ve for the.dptection of formaldehyde 
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in depending on Ae formation* of a violet 

coloration in the presence of proteins, mineral acid and 
,an oxidising agent, cannot be applied here, as meat gives 
a violet colour bn* warming wfth,minefal acid tn tliQ 
absence of ihe aldehydef •The fojlowing method has 
been devised by Dr. Schryver (Report to Local Govem- 
jnent Board on the'Application of Formaldehyde to Meat, 
1909) for the detection- of formaldehyde, polymerised 
formafdehyde or formaldehyde which has entered into 
conjbination with other substances, i.e., the proteins of 
the meat: lo grams of the minced meat are heated for. 
5 minutes Oh a boSing water bath, with water to every 
10 c.c. of which have been added 2 c.c. of a 1 per cent, 
solution of phenyl hydrazine hydrochloride. The quan¬ 
tity of liquid is varied according to the amount, of for¬ 
maldehyde present. In most cases where the amount 
of formaldehyde is i part in 50,000 or less, 10 c.c. of 
water and 2 c.c. of phenyl hydrazme solution are em¬ 
ployed. Where the concentration? are higher, larger 
quantities of the liquid must be useef, • Thus, where the 
coqpentration of the aldehyde in the pieat beaches l p^t 
in 5,000, 10 grams of meat Me heated ^th 100 c#. jf 
water and 20 c.c. of i per cent*, phenyl hydrazine hydro¬ 
chloride solution. AftA. heating, the liquid is'coolfd 
and Altered from the coagulum through a loose plug of 
cotton wool. To 12 c.c. of the fUtrate are added i c.c. 
of a 5 per cent.’solution of potassium ferricyanide ahd* 
4 C.C. 6f concentrated hydrochlyic acid for each 12 c.c. 
of water and phenyl hydrazine reafent einployed in 
the test. *In thb presence of formaldehyde? a brilKant 
fuschine-like colour^ devAoped, which reaches its full 
intensity after a few minutes’ atantog, and keeps 
without marked deterioration for sewral*houi:s. By 
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comparison df the colour vfcth standard solutjpns con¬ 
taining known amounts of formaldehyde, the amount of 
formaldehyde in the mesit sample can be ascertained. , 
, Detection attd EstinMion of Boric ^Acid {or Bor aid), 
(a) In Meat.—Tb^ following is the German official 
method for meat 'inspection: 50 grams of the com¬ 
minuted meat are triturated with 50 c.c. of water, t(j 
which has been added 0-2 per cent, of concentrated 
hydrochloric acid (specific gravity i'i24). The mixture 
is allowed to stand in a beaker for'half an hour, g.fler 
which it is heated on a boiling water bath for half an 
hour, with occasional stirring, the beaker being covered 
with a watch glass. The warm mass is pressed in muslin, 
and the liquid extract; poured through a moist filter. 
The filtrate is made faintly alkaline to phenol phthalein 
by the addition of decinormal sodium hydroxide solution, 
and evaporated to 25 c.c. 5 c.c. of the liquid thus 
obtained are acidified, filtered and tested with turmeric 
paper as follows :— 

A strip of tumveric paper 8 cm. long and 1 cm. wide 
i?, wetted half its length with the acid liquid and dried 
on a watch glais at 60° to 70°. If no change is observed 
on the part which was wetted, then boric acid is absent. 
I( a red or orange-red colour i 4 produced, a little 2 per 
cent, solution of sodium carbonate (anhydrous) should 
be added; if a reddish'brown spot is produced, which 
•■ddes not differ firom that got with pulfe turmeric paper 
and sodium carbonate, then boric acid is absent. If, 
however, the sodium carbonate solution produces a blue 
spof, then' boric acid is present. If a blbish violet 
coloration is produced, or the indications obtained are 
in any way doubtful, the flame test should be applied, 
tte official diiecbons for which are as follows:— 
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5 c.c. gf the concentrate<if alkaline solution* obtained 
as described abo^e, are evaporated to dryngss and 
incinerated in a platinum dish* The ash is well mixed 
with 5 c.c. of mStfiyl alcohol aftd.O’S «.c. of concen-^ 
trated sulphuric acid, an^ the whoje is transferred to 
a 100 c.c. Erlenme^er flask with tnb aid of a further 
yuantity of 5 c.c. of methyl alcokol. The flask is 
closed with a cork, and shaken at frequent interval 
during *half an hour, after which all the alcohol is dis¬ 
tilled off. heating the flask in a water bath at 80° to 85°. 
The distillate is introduced into a glass cylinder or test 
tube of about 40 c.c. capacity, about 6 cm. high, and 
fitted with a cork carrying two glass tubes bent at right 
angles, one of which passes to tlj,e bottom of the vessel, 
and the other jdst through the cork. A current of 
hydrogen is passed through the liquid, and ignited as it 
emerges from the shorter tube; if a green-edged flame 
is produced then boric acid is present. 

Estimation of Boric Acid .—^This ml^y be carried out by 
evaporating a definite proportion of, the concentrated 
alkaline liquid used fdt the above, tests to dryness, 
incinerating as described under the grten-flame test, 
dissolving the ash in water, *and titrating the liquiS 
previously neutralised tp methyl orange witlt deci- 
nom&l sodium hydroxide solution in presence of giycerol 
and phenol phthalein, as descriBed on p. 413. 

(J) In Wine, trait Juices, Jams, etc .—^The following, 
method is due to Allen and T^kard: 100 c.c. of the 
liquid are evaporated to dryness with lo c.c. of a 10 per 
cent, sdutlon of*calcium chloride. In the case of aolid 
or semi-solid mater^, such as jfims, mincemeat, etc., 
the' mass should be broken up and the calcium chloride 
srdntion well mixed with it. The residte jd incinerat^ 
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by first clianing, then extraking the mass with/50 c.c. of 
water, and filtefing the aqueous extract from the coal, 
which is burnt off by itSelf. The residue thus obtained 
is .boiled with a sqcofld portion of 150 c.c. of water, 
allowed to stand fpr 12 hfiurs and filtered cold. The 
filtered liquid is united with that previously obtained 
from the charred mass, and the boric acid in solutioy 
^imated by titration as described on p. 41J. The 
incinerated residue may be extracted with a further 
150 c.c. of water, and the filtrate thus obtained titiated 
for boric acid, to make sure that this constituent has been 
completely extracted. The qualitative tests for boric 
acid may be carried out as described under the pre¬ 
ceding heading (Detection of Boric Acid in Meat) on a' 
portion of the aqueous extract previously made alkaline, 
and concentrated or evaporated to dryness as the case 
may require. 

Detection and Estimation of Sulphurous Acid or Sul¬ 
phites in Meat, Wine, etc .—^The following are the German 
official methods for the detection and estimation of 
sulphurous atid arid sulphites ih meat and wine ; they 
may also be applied to other materials, such as jams, 
cider, beer, etc.» 

^ The'qualitative test is carhed'out as follows with meat: 
30 grams of the comminuted meat are rapidly hiixed 
with 5 c.c. of* 25 per cbot. solution of phosphoric acid 
•iri a 100 c.c. Erlenmeyer flask. The latter is closed with 
a cork in which a slit ^as been cut, so that a piece of 
potassium iodat# and starch paper may be suspended 
from it. ‘The test paper should be fireshly jJrepared by 
soaking filter paper ii^a mi^ure in equal parts of i per 
cent, solutions of potassium iodate and starch, drying at 
a gentle hedvaibl cutting into strips of convenient rise. 
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A strip oS this paper is su^nded so Jhat the end is 
about I cm. above’ the meat, and i cm. of thS lower 
portion is moistened with water. If in the course of 
10 minutes- no bliA colour appears (tsually seen at the • 
junction of the wet and dry parts of ti^e paper), the cork 
is loosened and the ,^lask is placed oe the water bath, 
wtfinne^, then closed with the cork and allowed to cool > 
if no colour is observed on the test paper after half 
an hour, it may be assumed that the meat is free from 
sulphurous acid or slflphites. * 

The method reco?junended for the estimation is as 
follows ; 30 gfams of the comminuted meat, or loo c.c. of 
wine, arc mixed with sufScient sodium carbonate solution 
to render the whole alkaline, in a 500 c.c. round-bottomed, 
long-necked flask, the volume of liquid being made up 
to about 150 c.c. ‘After standing for i hour, the flask 
is connected up as for a steam distillation, on the one 
side with an inlet tube passing well bt^ow the surface of 
the contents, and on the other side wjth a Liebig con¬ 
denser which is connected at the other end by means of 
an adapter, with a U tube having 3 bulbs {Peligot tube),< 
which must be capable of holding 150 c.c. ol liquid while 
gas is being passed through,it. A Stream of cybon 
dioxide^ entering through liie inlet tube in the flask, w 
passed through the whole apparatus ; when aJl thh air 
has been displace^, the Peligot tube is enlarged witli 
50 c.c. of a solution prepared by dissolving 7-5 grams of 
potassiuA iodide and 5 grams of iodine in i litre of watdt 
(pure materials being flsed, so that the solution is free 
from sulphates), and 10 c.c. of a 25 per cent, solution of 
phosphoric add are added to the (intents of the flask, 
the cork being removed and replaced fis guickly as 
possible ; the current of oaaiion dioxide*is*maintained* 
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throughout.' After connectiltg up the apparatu^as before, 
about half of the liquid is distilled dff, still maintaining 
the current of carbon dioxide. All the sulphurous acid 
will how havfe beet iftiven ^over into the Peligot tube, 
where it will be osdised to sulphuric acid by the iodine 
solution, which shpuld remain broiim throughout, show¬ 
ing an excess of iodine to be present. The contents pf 
the Peligot tube and rinsings are transferred to a beaker, 
hydrochloric acid and barium chloride are added, the 
mixture boiled, the'barium sulphate being precipitated, 
collected, washed and weighed as in an ordinary sulphate 
determination. The barium sulphate may then be 
calculated to sulphur dioxide or sulphurous acid. As 
already mentioned, the above methods may be applied 
or adapted to materials other than wine or meat. Some 
analysts use a definite volume of iodin* solution of known 
strength, determined by titration with standard sodium 
thiosulphate solution, and estimate the iodine which has 
been used up in the oxidation of the sulphurous acid 
by a second titration with thiosulphate solution. This 
•method is more expeditious than the one given above. 

. Detection Sf Fluoride^, (a) In Meat .—^The German 
official method is as follows; 25 grains of the minced 
•meat are thoroughly mixed-wth an excess of milk of 
lime "in a platinum dish, dried and incinerated. The 
residue is treated with 3 drops of water and i drop of 
concentrated sulphuric acid, the etclung test for hydro¬ 
fluoric acid being applied in the usual way, as described 
on p. 420. ' • 

'(b) fn' Wine.—Vaxiiam recommehds the following 
method: To 100 e.c. of" the sample in a measuring 
cylinder ^e a^ded 0*5 to 1 c.c. of a 20 per cent, sodium 
.sulphate sobition and 10 of a to per cent, barium 
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acetate ^lution; after shfking well, the mixture is 
allowed to stand overnight and the clear liquid syphoned 
pff. The sediment is shaken up with loo c.c. of hot water 
and allowed to settle ; after renfoving tlfe clear liquor,. 
the process is"repeated witfi a further quantity of 50 c.c. 
of hot .water. The washed sedimept, containing the 
insoluble barium fluoride, is transferred to a double filter 
and, when dry, incinerated. The ash is moistened with 
water, treated with 5 c.c. of concentrated sulphuric acid, 
and the etching test applied as described on p. 420. It 
should be noted that many wines contain small traces 
of fluorides aS a natural constituent. 

(c) In Beer .—^The following method is given in Allen’s 
" Commercial Organic Analysis*’ Vol. L, igog ed.: 
100 c.c. of the sample are made slightly alkaling with 
ammonium carbonate, boiled, treated with 2 to 3 c.c. 
of a 10 per cent, calcium chloride solution and boiled 
again for 5 minutes. The precipit|te is filtered off, 
washed, dried and tested for fluoride in the usual 
way. 

DsfecHon and Estimation of CMoridfS and Nitrates it> 
Meat.—The following method, jiartly dud to Givent i^ 
described by Leffmann and Beam -in their "Food 
Analysis ’’; It mil be nesessary first to determine the 
chlorides present, as these interfere with the nitrate 
determination ; this may be done by titrating the solu¬ 
tion obtained by Extracting i gram of the minced meat 
with 200 C.C. of water, with deginormal silver nitrate 
solution, using potassium chromate as irfdicator. 

For the '^etenllination of nitrates, i grsun' of fhe 
sample is placed in a ^00 c.c". flasks; 50 c.c. of water are 
add^ and the mixture warmed in hot water for 20 
minntes, with occasional s^ajdng. For each i per cent» 
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of sodium cfiloride found Vo be present, 3 £.c. of a 
saturated solution of silver sulphate are added, then 10 
c.c. of basic lead acetate, and 5 c.c. of alumina cream (see, 
•p. 392), shaking after each addition. The liquid is made 
up to 100 C.C., shaken, filtered through a dry fluted 
filter, the filtrate \ieing returned till clear. 20 c.c. of 
the filtrate are evaporated to dryness on the water batl} 
in a porcelain dish, and the residue is mixed with i c.c. 
of phenol disulphonic acid, the preparation of which is 
described below; without applying heat, the a<jd is 
stirred over the whole residue ; the inixture is completely 
transferred to a Kessler tube by rinsing with water, and 
the solution thus obtained made alkaline with ammonia 
or soda. By the inteaaction of the nitrate, the phenol 
disulphonic acid and the alkali, an alkaline picrate is 
formed, the depth in colour due to tho latter being pro¬ 
portional to the amount of nitrate present in the sample. 


The determination^nay therefore be made by comparison 


with a solution which has been similarly prepared by 


evaporating to dryness on the water bath a known 
,’olume, say, i c.e,, of a standard solution of potassium 


nitrate, containing o-ooi gram of the salt per cubic centi- 


mctrt;;, treating with phenoj disulphonic acid, transferring 
to a Kessler tube by means of water and rendering alka¬ 
line ds before. The two picrate solutions are mhde up 


the same volume and compared.- If the difference 
in the depth of colour is not great, some of the deeper 


coloured solution may be poured off till the tints Observed 
in the two tubes when placed sMe by side on a white 
surface are sensibly equal. The relative 4 eptJ's ^he 
two layers of liquid-may then be taken as a basis for 


calculation, on the other hand, the difference in 
tints is very marked, ano^ifr solution for comparison 
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must be jnade from a greyer or smaBer* quantity of 
potassium nitrate. • 

^ The phenol disulphonic acid^s prepared as follows: 
37 grams of pure«sJilphuric acid’aad 3 grams oCpure. 
phenol are heated for 6 hours in a, flask immersed in 
boiling vater. The resulting reagent *may crystallise on 
CTOling, but can easily be liquefied on gentle warming. 

Detection and Estimation of Salicylic and Benzoic Acids. 
—The following method is recommended by Harry and 
Munijnery for- the detection and estimation of salicylic 
acid in wine and beer ; it has the advantage of elimina¬ 
ting tannins which may mask the reaction of salicylic 
acid with ferric salts, and also substances which tend to 
give rise to emulsions on extr£|fting with immiscible 
solvents. It may equally well be applied to sojid or 
semi-solid foods, in which case it will be necessary to 
make either an aqueous solution or a slightly alkaline 
aqueous extract.' As far as the actual extraction of the 
preservative froth the sample is concerned, the method 
is also applicable to benzoic acid. 

lop c.c. of the sample (br aqueous sjlutioh or extract^ 
are made alkaline with 5 c.c. of normal sodihm hydrojiid^ 
solution, and the alcohol (if any) is driven off at a tem¬ 
perature just below the Ijoifing point. The following 
operatfbns, up to the ether extraction, have for‘their 
object the removal of tannins ind pectinous or albu¬ 
minous matter froth the aqueous solution of the preserva¬ 
tive. 5«c.c. of normal hydrochloijc acid are added, and 
then 20 c.c. of basic lead acetate solutidh ; the mixture 
is made alkhline With about 20 c.c. of normhl'sodihm 
hydroxide solution, and madS up tq 200 c.c. with water, 
lire tannins are precipitated while the lead salicylate 
(or benzoate) is soluble in^the alkaline solq^fon. After, 
A.I.A. at 
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mixing, heating in boiling Water and cooling, ^he liquid 
is filtered through a dry filter; lOO c.'c. of the filtrate are 
acidified with hydrochloric acid, which will precipitate 
• albuminous ntatterdo^ether with lead chloride, besides 
liberating the salicylic (oi» benzoic) acid.' The filtrate 
and washings fronj the last precipitation are extracted 
ffiree times with ether, the ethereal extracts united anfl 
evaporated to dryness. 

If, however, the salicylic acid is to be estimated colori- 
metrically by the method described below, it is better 
not.to evaporate the ethereal solution, as loss of salicylic 
acid may occur through volatilisation with the water 
contained in the ether. A better plan will be to extract 
the ether solution with r per cent, sodium bicarbonate 
solution, and to work with the neutralised solution of 
sodium salicylate. If it is desired tc isolate the add 
for determination of the melting point, another portion 
may be employed.^ Chloroform is better than ether as 
an extracting medium (see p. 415). 

The identification of salicylic or benzoic adds may be 
carried out by the.methods alre'ady described (see p, 415 
(indi below). Vor the estimation of salicylic add, Harry 
and Mumrdery recommend the following method: The 
add IS dissolved in a small Quantity of -dilute alcohol 
and made up to 100 c.c. in a Nessler tube. TheWour 
produced with ferric chloride solution is then compared 
with the colour produced on adding‘an equal amount 
of ferric chloride to elutions of the same vdume in 
Nessler tubes dintaining known-amounts of salic^c 
adh. ' ‘ ‘ 

In the presence of both benzoic ajnd salicylic adds, van 
der Laan and Tydens recommend the followii^ method 
(or theii siqiatation; Aftn, estimating the salicylic 
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acid colwimptrically (see tbove) in | portion of the 
aqueous solution, the rest of the -solution is detracted 
•with ether (or chlorpfonn, see above), the acids obtained 
by evaporation df the etljpreal extract are dissolved iir 
10 to 20 c.c. of quarter-nofmal caujtic alkali solution, 
and a slight excess, of a 5 per cent .potassium perman¬ 
ganate solution is added. After gentle heating by means 
of a S513II flame, the excess of permanganate and the 
separated manganic hydroxide are reduced by adding a 
saturated solution df sulphur dioxide. The salicylic acid 
will be destroyed by^the oxidising agent, while the benzoic 
acid will reniain unaffected. The acidified solution may 
then be extracted with ether, and the benzoic acid thus 
obtained identified, and estimated by titration. For 
the method of separating salicylic and benzoio acids 
from saccharine, .which may mask the reactions for the 
identification of the former, see below. 

Detection ani^Estimation of Sacch^tine in Beverages. 
—Saccharine, or ortho-benzoyl-sulphone-imide or its 
sodium salt, is not a preservative in^he true sense of 
the word ; it is added lo beverages jn place of sugar, 
so as to reduce fermentation.. 

The imide is removed op extracting tfie aqdified 
material with ether, and may be detected by the sweat 
taste of the residue obtained on evaporation of the%ther. 
If present together with benzoic and salicylic adds, jt 
will generally accompany these if they are extract^ 
firomthS material by means of organic solvents. Sepafa- 
tion may be accomplished by addifying*zoo grams of the 
sample wht 5 c.c. of a 20 per cent. phos^Sric add 
sdution, and distilling almost to dryness; the adds will 
be found in the distillate, from whicl\ thfy may be 
obtained by addifying and extracting wltlrdher, while 
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the saccharine will remain tin the flask, an^may be 
obtained by extracting the contentli with water and 
extracting the acid solution thus obtained with ether in, 
.the us'ual way* 

Allen’s process fo( the estimation of saccharine in beer 
is as follows ; The.beer is concentrated to one-third of 
its original bulk, and if not acid, it is rendered so by thg 
addition of a little pure phosphoric acid. The liquid 
is extracted with ether, the latter evaporated, and the 
residue mixed with an excess of anhydrous sodiuniccar- 
bonate and a little potassium nitrate, and ignited till 
all organic matter has been burnt off. A determination 
of sulphate in the residue is made by dissolving in 
water, acidifying with hydrochloric acid, adding barium 
chloride solution, etc., as usual. The factor for calcu¬ 
lating the barium sulphate to sacaharine is 0785. 
Care should be taken that the reagents employed are 
free from sulphur compounds. 

Detection and Ehimation of Formic 'Acid .—^This pre¬ 
servative is chiefly used for fruit juices and preserves. 
Ip honey it is present as a natufal constituent in qujnti- 
lies.up to 0-21*'per cent. ^ " 

According to Croner and Seligmann, formic add is 
separated from the sample by mixing 100 grams with 
400 cx. of water, acidifying with phosphoric acfd and 
distilling in steam. Fmcke (see below) addifies with 
‘ tartaric acid, which is preferable as ft is less liable to 
dcKompose the organic matter than mineral acM. 500 
c.c. of distillate are collected, sufficient caustic soda 
soliStion'bUng placed in the receiver fo keq{> the whole 
alkaline. The alkaline distillate is pvaporated to 10 c.c., 
treated with an excess of baryta solution and filteted; 
Ihe excess'«f Wyta is theq precipitated as sulphate 



Preservatives 437 

by the Edition of sulphuoic acid, and th% liquid again 
filtered. By this* treatment, acids other than formic 
.acid, which mighty mask the reactions for the latter 
are removed. The filtrate is*b»iled Vith mSrcuria 
chloride solution, when, in the pre^nce of formic .acid, 
a precipitate of mercurous chloridj will be produced. 
According to Smith, formic acid may be identified by 
adding to the acid steam distillate a slight excess of 
ammonia above that required for neutralisation, evapo- 
rati#g to a small balk and adding a few drops of neutral 
ferric chloride solution ; in the presence of formic 
or acetic adds, a red coloration will be produced ; on 
shaking with 96 per cent, .alcohol, a precipitate will be 
produced in the presence of forgiic acid, but not in the 
presence of acetic acid only. An excess of acetic acid 
interferes with the reaction ; in such a case, the acid 
steam distillate is partially neutralised with about 5 c.c. 
of normal soda solution, and concentrated to 15 c.c.; 
most of the formic acid will remaii/combined with the 
alkali, while most of the acetic acid will be evaporated off. 

li. Fincke ^ recoimneftds the follorying rftethod for tjje 
estimation of formic acid: To the neiftral or fqjntjy 
add steam distillate containing all the formic acid, 
obtained as described a?«ve (see also below), are*add^d 
3 to *5 grams of sodium acetate and at least 15 times 
as much mercuric chloride (in‘solution), by wdght, as 
there is formic aHd present. The mixture is heated for» 
2 hoips in a flask fitted by me|ns of a rubber stopper 
with a tube condenser, immersed fn boiling water 
which rea^Jies tb the level of the liquid ifl the flask. 
The mercuric chloride solution is prepared by dissolving 

* Zatachr. far Kahr. u. Genussmittel, 191J, i and 1911, 
»a, 88. Abs. jtnafyst. I9u.;i03 and 496. ' 
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100 grams of'mercuric chloride and 30 grams 0^ sodium 
chloride.in 100 b.c. pf water. The'precipitated mer¬ 
curous chloride is filtered'og on a Gooch crucible, washed, 
ydth hot watef, alcohol and ether, !iried and. weighed. 
The factor for convening meriurous chloride into formic 
' acid is 0-0977. 

As regards the steam distillation, it will be necessary, 
to distil at least 500 c.c., in order to bring practically all 
the formic add over. As the estimation of the 'formic 
add depends on the‘reducing action of the steam ,dis- 
. tillate, errors may be introduced through the presence 
of volatile aldehydes, which may exist as -such in the 
sample or be produced from tartaric and other adds, 
j To obviate this, the ste^ may be led through two flasks 
contaiiung a suspension of caldum carbonate, before it 
enters the condenser; if the flasks are^ept heated, the 
aldehydes will pass on with the steam, while the formic 
add is retained in the flasks as calcium formate. After 
^ filtering ofi the calcium carbonate and washing with 
water, the formic;,'add is estimated in the filtrate as 
described abtfve. Care should be taken to avoid spray 
bdng carried Over in the distillation, as reducing sugars 
may be present in .the sample, and these would vitiate 
tlje reJult by reducing some pf the mercuric chloride. 
If sulphurous acid is present, the concentrated nSutral 
distillate, or the filtrate ‘from the calcinm carbonate, is 
•tr^ed with about 5 c.c. of quarter-nttfmal caustic soda 
solution and 5 c.c. of goncentrated hydre^en peroxide 
solution, and lefF for 4 hours; the sulphite will then 
be Oxidised to sulphate. A little fieshly gfedpitated 
' mercuric oxide, made,into i. paste,with water, is then 
added to d^troy the excess of hydrogen peroxide, and 
after half aft Jicbr the liquid is filtered, a^ the formic 
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add estigiated in the filtrjlFe as described a^ve. In 
the presence of sJlicylic add, cotpmoft salt should be 
^solved in the distillate; .tHls will prevent the pre- 
dpitationaof meraury salicylate. * 

Other Preservatives. —<ietectiO|i ana estimation ol 
most of the commonly occurring Jireservatives have 
t>een described. One or two methods for detecting a few 
other substances which may be used as preservative 
are briefly outlined below :— 

Fgr the detection of /8 naphthcl and other similar 
substances the American Association of Official Agri¬ 
cultural Chemists recommend that 200 grams of the 
addified sample be distilled in steam, and the first 
200 c.c. of the distillate extracted with 20 c.c. of chloro¬ 
form; on separating the latter, adding caustic jiotash 
and heating almost to boiling for a few minutes, colour 
changes will occur as follows ; in the presence of phenol, 
light red to brown, to yellow, to colourless. In the 
presence of salftl, light red, and irfthe presence of ^ 
naphthol, deep blue to green, to broi^p. 


Part II.—ARnFicui. CbLouRyiG Macters. 

Intr6ductory. 

The colouring matters used In foods may be classed 
under three headings: coal-tar dyes, naturally occurrihg* 
organio colours, and metallic or ^norganic colours. The 
most ftequently usedtare the cosd-tar dyes, the majority 
of which generally held to be harmless, elpecialfy in 
the small amounts in which they^e used, provided, of 
coiftsq, that they are pare, and free from arsenic or lead. 
The great majority of the vegetable coloifcij^ matters are 
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also harmless, but the nie£?ijlic colouring matters, such 
as chromates, cSpper salts, etc., ar^ mostly injurious, 
even in small amounts. Yhe vegetable colouring matters, 
,such as cochineal, ansftto, turmeric and saffi-on, have 
largely been superseded bjkftie coal-tar colours, while 
mineral colours, wfth the exception, perhaps, of-copper 
sulphate, are of comparatively rare occurrence in foods. 
Among the few poisonous organic colours iiiay be 
mentioned gamboge and picric acid. 

The la^ of the United Kingdom -does not definitely 
, forbid the use of colouring matters in any food, or limit 
the amounts in which they may be used* as in the 
case of preservatives the addition of any objectionable 
colouring matter would, in all probability, be dealt with 
under section 6 of the Sale of Foods and Drugs Act of 
1875 (see p. 407). Even when the colouring matter 
itself is harmless, its presence would be objectionable if 
it had been added in order to conceal the inferior quality 
of the food, as migftt be done, for exam'ple, in the case 
of meat, milk or wjhe. 

^The Departmentsd Committefi on Preservatives and 
Coloijring Matttrs in Foods, 1901, recommended that the 
use of colouring matters of any kind in milk offered for 
sale in* the United Kingdom should be considered an 
oliencejmder the Sale of Foods and Drugs Act. Further, 
that the use of copper halts in the so-called greening 
£){' preserved foods should be prohibited. These 
recQmmendations have^ however, not resulted in any 
legislation on the*subject except the Ministry of Food 
OrdeS' mentioned on p. 408. ' ,* 

The use of copper ,salts foo^s is prohibited in 
Germany and Austria-Hungary. In the United States 
certain specilifd Colouring matters only are allowed in 
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foods, pending further enquiry. v.u]jpcr sans are pro¬ 
hibited in the colouring of veptables, particularly peas 
and beans. 

The identification of o^anic colouring matters, esfject- 
ally coal-tar dyes, in foods, maj^.often be a difficult, 
task, requiring considerable experiance. In many cases 
the full identification of the colouring matter will not Jx: 
necessary; it will be sufficient to determine its nature, 
and to be able to say whether it is harmless or injurious. 
By* the methods ‘given below, fhe general nature of 
the colouring matjer present may be determined ; the’ 
methods fdr the detection of some of the commoner 
vegetable colouring matters are also given. 

Dyeing Method for the DeUctun of Coal-tar Colours .— 
The method described is recommended by Thresh and 
Porter (" Preservatives in Food and Food Examina¬ 
tion ”) for the detection of both acid and basic coal- 
tar dyes, being based on the method of Sostegni and 
Carpenteri for the detection of acid ayes. It may gener¬ 
ally be employed for the detection «f coal-tar dyes in 
meat, wine, confectionery, milk, Ihiibjuices and extracts, 
etc. 

The majority of the dyes found iri’foods are of ^n acid 
nature, oidy few basic colours being met with. It clean 
white wool is immersed in an^add solution of in acid 
dye, or an alkalii^ solution of a basic dye, it will take pp 
the colour in bdlh cases, forming insoluble compounds 
with dyes of both classes, presuaiably owing to its cbn- 
taining both basic and add constituents. In^addition to 
coal-tar ccjpurs.’the wool will take up some vegetable 
colours, such as cochineal or log^tood ; if, however, the 
add dyie, for example, be dissolved ftqm fhe wool by 
means of an alkaline solution, then, oif acidification ef 
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the latter, a second piece of wol may be dyed ^om it if 
a coal-taf colour be present, but not if the first dyeing 
was due to a vegetable colour. The^ same holds good, 
mutatis mutandis, as regards basic dyes." " 

In the first place, c it will be necessary to prepare a 
clear solution or extract of the material containing the 
colour. Solid material should be broken up by passing 
through a sausage grinder, .when the colour may be 
extracted by wanning with water or 8o per cent, alcohol. 
The filtered solution bf the colour isr divided into two 
■portions of 50 to 100 c.c. each, the one of which is 
rendered faintly alkaline with ammonia, and the other 
distinctly acid with hydrochloric acid. Into each of 
. these solutions is put about a foot of white worsted which 
has premously been boiled in a very dilute solution of 
caustic soda in distilled water, and washed till free fi-om 
alkali. The solutions are kept at the boiling point for 
an hour, or less if the wool in one of them is distinctly 
■ dyed. The dyed wool is removed, pressed between 
sheets of filter paper, and washed by immersing in two 
svKxessive portions of 20 c.c. of boiling water. 

>Thc wool, if dyed from the acid solution, is then 
immerspd in "about io c.c. of a boiling solution of dilute 
ammonia containing 10 per cent', by volume of the con¬ 
centrated ammonia of specific gravity 0-880, or, if ^yed 
fro,m the alkaline solution, in the same quantity of boiling 
5 per cent, acetic acid. The wools are removed, and the 
alkSline liquid made add by the addition of acetic add, 
and the add liquid made alkaline by ammonia. A fresh 
piece of \}hite, grease-free worsted, abdut 2^3 inches 
long, is placed in each solution; aft(^ heating for half an 
hour on a boiling-water bath, the wools are removed and 
washed in di^£d water ; if,a, coal-tar dye was present 
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in the qpginal solution, one of the samples should be 
brilliantly dyed :*if the dye present is basic, the most 
distinct dyeing wiU^take place from the alkaline solutions; 
if acid, from the acid solutions. *In^resence of vegetable 
colours, the ^ond piece of worsted^U acquire, at most, 
a dirty appearance^. 

, For identification, the colour may be removed from 
the wool used in a first dyeing, as described above, either 
by means of acid or alkali, and the tests applied to the 
solution. The identification of coil-tar colours may be a 
difficult task, req^ng some special experience; the* 
subject is fully dealt with in Vol. V. of Allen’s " Commer¬ 
cial Organic Analysis,” where several recognised schemes 
are given ; the other works mentioned at the end of this < 
chapter may also be consulted. • 

Colouring Matters in Milk .—The artificial colouring of 
milk has been extensively practised owing to the 
erroneous popular notion that the " richer ” the colour 
of milk the ricfier will it be in cream. As a matter of. 
fact, during the summer, when the* milk is naturally 
mo{e yellow and yields a more highly coloured butter 
than in winter, the average fat percentage is usually 
lower than in winter (see p. ^48). As mentloned^above, 
the addition of artifidaf colouring matters to milk was 
recently prohibited in the United Kingdom by the 
Ministry of Food»j in all probability the prohibition vnll 
remain in force ihdefinitely. 

The‘colours which have bee% used most are anatto 
and azo dyes, such aa methyl orange, sSnino azobenMne, 
chrysoidin^ etc.* These colours are generally destroyed 
by the action of the miao-orgaiiisms in milk (cf. the 
reffiictase test, p. 288), so that a negative rMult may be 
obtained with a coloured, ipilk which his been kept fip 
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a few days. 'An|tto is more^permancnt than fhe coal- 
tar dyes.* The colours are not restore'd on the addition 
of hydrogen peroxide or shaking witlj air, as is the case 
with methylene blue.* ^ 

Anatto is detected by making the milk alkaline with 
sodium bicarbonate .And soaking a sjrip of filter- paper 
in,it overnight; a brown stain is formed on the paper,, 
which is turned pink on moistening with stannous chloride 
solution. 

Azo colours may b 4 indicated by the production of a 
‘pink colour on acidifying the milk, with hydrochloric 
acid. The following general method reconfmended by 
Richmond is more reliable. The colour is found either 
. in the fat or in the aqueous portion : At least 6o c.c. 
of milk, are made just alkaline to delicate litmus paper 
by the addition of dilute soda or strontia solution, and 
evaporated to a thin paste on the water bath. The 
paste is thoroughly extracted with ether, which will 
> remove the fat. Tke ether is evaporated off, and the 
fat shaken with warm water. The water is separated 
and evaporated to dryness in a porcelain dish; a coloured 
residue will be‘due to ad4ed colour. 

The fat-free residue is extpacted with absolute alcohol, 
which is filtered and evaporated to dryness in a porcelain 
dish. ‘A coloured residue will be due to added cotbur. 

folouring Matter in Butter and Margarine .—As in 
"hulk, practically the only vegetable colouring'matter 
which need be considerod is anatto, which, howevfer, has 
been largely displaced by certain f*t-soluble azo colours. 
Butter oiBy has a natural strong yellow co^ur during 
the summer; at othertimes, the colour may be increased 
artifidally. ^Th^ amounts of azo colours added to butter 
os margarine ure'extremely mjnute, so that identification 
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is haraij a practicable prifosition. It iS only possible 
to arrive at a robgh classification by* means •£ certain 
colour reactions. Owing to Ae weakly acidic or basic 
character of many fco colours*these cfc often flnly he 
extracted from the fat* with difjculty by means of 
aqueous alkali or acid. , 

Anatto is extracted from the fat by melting at a I9W 
temp'erature, mixing with an equal volume of petroleum 
ether *and shaking with dilute caustic soda solution. 
Thft yellow aqueous extract may be tested for anatto in 
the same way as described in the preceding section. 

If a little of the sample is melted and shaken with 
10 per cent, sulphuric acid, some azo colours will produce 
a pink coloration in the acid^ayer. A more general 
method for detecting added colours is to di^olve a 
little of the clear fat in glacial acetic acid by warming, 
and to add 2 or 3 c.c. of 10 per cent, sulphuric acid; 
the lower layer will be coloured yellow, orange or green 
by azo colours.* * 

Colouring Matters in Meat *» generally coloured 

witJi coal-tar dyes, sudh as fuschinj, cosin and benjp- 
purpurin. These may be recognised by^xtracting^with 
alcohol, and applying the dyeing test to tBe extract as 
described above. CamnSae and cochineal have also been 
used^or colouring meat. . • 

The following method, due to* Klinger and Bujard, and 
modified by Brdmer. may be used for the detection of 
carmine ; 20 grams of the minted meat are heated- on 
the water bath for several hours with 9 mixture of equal 
parts of ^ycerdl and water which has been sli|htty 
acidulated with taijaric aiid; the liquid is separated 
by' straining through muslin, and when cold, filtered in 
order to separate it from /at and suspen&ei ‘matter. Qn 
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adding alum Solution and 'fleen ammonia, th^, precipi¬ 
tated aluminium'hydroxide wDl carry the colour with 
it, as a lake ; the latter islfiltered off, washed with water, 
dissolved in a Small «qu'antity of tartaric add® solution, 
and examined in the spectroscope; if carmine is present, 
the solution will shojv absorption bands at b and E, and 
aijother close to D, in the solar spectrum. 

Colowing Mailers in W''»««.-^al-tar dyes will be 
detected by the dyeing test, described above ; in addition 
to these, such materials as elderberry, logwood ,»nd 
' cochineal are said to be in use for colpuring wine. The 
subject is fully treated of in some of the Pther works 
mentioned at the end of this chapter. The tests used 
at the Munidpal Laboratory of Paris for detecting arti¬ 
ficial colouring matters in wine are given in Wynter 
Blyth’s work. 

Detection and Estimation of Metallic Colouring Matters. 
—The commonest metallic colouring matter used in 
. foods is, perhaps, copper .sulphate, which is added to 
preserved peas, sj^ch, etc., to impart a bright green 
cojpur and, at the same time, to narto the integument. 

^ general method for the detection of compounds of 
copper, arsefiic, lead, chronuum, zinc, etc., all of which 
are poisonous, is as follows *: zoo grams or more of the 
material is mixed in a flask with a tenth of its weight of 
potassium chlorate and sufficient water to produce a 
ihm paste in the next operation. Hydrochloric add 
gas' is passed through jfhe mixture, the escaping gas 
being led through water to arrest possible traces of 
atseffic cMonde. When ydlow vapouii are ^n above 
the liquid, the current of gasls stopped; the jx-ocess of 

‘See abo landir, "The Detection ol Poieonoua Metab," 
Avtlytl, 1908, fj. ' 
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destrucyon will then proi^d spontaneoifely'till a straw 
yellow liquid is flbtained. Any insofiible matter which 
may be present is usually .free from poisonous metals, 
but should be examined as well as the* solution* by the 
usual methods of inorgaifioanalysij. 

Arsenic, if present, will usually ^ave been introduced* 
as an impurity witli organic or mineral colouring matters, 
or otW materials used in the manufacture or preparation 
of the food, and is, therefore, only likely to be present 
in yery small amounts ; it must*accordingly be tested 
for in the original material by special methods, such as* 
the Marsh or Gutzeit test; methods for the detection of 
arsenic in foods will be found fully described in some of 
the works mentioned at the enej of this chapter. , 

Ferric oxide is said to be added to cocoa, in prder to 
improve its colour, and as an adulterant; it may be 
detected and estimated on the same lines as described 
above for other mineral additions to foods. 
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Acid val^e of oils and fats, 138, 140, 234, 239 
Acic^jty of flour, 328 • • 

of kerosene, 226 
of lubricating oils, 140, 234 
of malt, 354 
of milk, 260, 411 
of spirit, 401 

Adams’ method for fat in milk, 267 
Albumin in milk. See " Proteins.” 

Alcohol {see also ” Spirit ”), 366 
aldehydes^ in, 401 
estimation of, 397 
Aldehyde figure f<ft milk, 275 
Aldehydes in alcohol, 401 
Alkali in lubricating greases^ 236 
• in milk, 411 

in phenolic preparations, 200 
in soap, 182, 184, 186, 187, 109 
Alum in flour. 335 * 

Analy^s of barley, 318, 349 
of coal, 4. 12. x8 
of coke, I2«^ 
of condensed milk, 292 
, of fatty oils and fats, 148 
of flour. 318, 320. 321. 33 ^ 
of ^ain, 318, 320, 321 
of Ofape sugar. 382 
of lubricating pils, 228 
of malt, 349 
of milk, 246 
A.I.A. 
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Analyses of petroleum. 2x3 
of soap, 193, 196 
of potato, 318 * 

of stardi syrup 01 gluccse, 380 * 
of wheat, 318, 320. 321 . 

Anatto, 444 
Anthracene, 100 ^ 

carbazole in, 105 
* estimation of, 102 

oil, 100 

paraffins in, 106 
Anthracite, 6 
Anthraquinone, 103 
Arachidic acid, 109,153, 155 
Arachis oil, estimation of, 155 
in cacao butter, 161 
in hard fats, 157 
^ in lard, 160 
in olive oil, 153 

Aromatic hydrocarbons. See “ Benzols," ** Benzene," etc. 
Ash in barley, 347 

in coal and coke. 14 
in cocoa, 361 ^ 

in feeding stuffSj*363 
in fiour, 322. 326 
in infants' f^s,'36o 
in kerosene, 226 
in Inbric&ting oils. 233 
in Wit, 353 
itt^milk, 252, 283, 4tt 
in starch syrup, 380 
in sugar, 383 

Babassu ml. 138 ^ 

Babcock’s method&for fat u milk, 264^ 270. 279 
Barll'y. 3^4/348 

analyMS ol, 318, 349 
ash in, 34/ « 

germination of, 343 
mect&Mc|l teata, 34, 
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Barley, pateins in, ^3 
sampling of, 344 
starch in, 346 
sulphurous tcfd in, 347 
water in, 345 

Bases tar in creosoting liquor, 9$ 

* in middle 01^ carbolic oil, 73, 90* 
in naphthalene, too 

Baudomn’s test for sesame oil, 152 
Becchi’f test for cotton and kapok oils, 151 
Beer, 399 

e alcohol in, 399 
benzoic add in, ^33 
fluorides in, 430 
preservatives in, 424 
saccharine in, 433 
salicylic acid in, 433 
Bellier’s test for arachis oil, 153 
Benzene (stt also " Benzol"), 53, 56 
estimation of, in benzols, 39 
• in petrol, 217 
Benzene and Ben^ls, 33, 36 

benzene in, 59 
bromine test for, 67 
carboa disulphide in, 62 
distillation test for, 33, 3> 
non-nitratabls hydrocarbons jn, 38, 64 
paraflips i% 38, 64 * 
specific^avity of, 33, 37 
sulphuric add test for, 69 
toluene in, 39 * 

Benzine, 203 
Benzoic add in beer, 433 

* in butter and margatine«4i6 

in milk, 4I3> ' 

Benzol in pqttol, ziy 

tnot^(s«s also " Petrol ’i), 72, 225, 21 
Benzols (ss* also " Benzene "), 55, 36 ' 

Bituminous coals, 3 
Bdting of flour, 322,334 
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Bolton and Eevia extractor, 87 

Boric acid in butter and margarine, 254,' m. 4»3 

* ■ in meat, 426 

n milfc, 412^421 
.n wine, etc., 427 
Bread, 341 •* 

Burning, oil. S« *'Kerosene." 

Butter, 247, 254 
* benzoic acid in, 416 

boric acid in, 254, 299, 4'^3 
casein in, 254, 300 
colour in, 301 * 

iat (see also " Milk fat"), 134. I 37 . >64, 301 
fat in, 298 
preservatives in, 410 
proteins in, 254, 300 
salt in, 254, 299. 4 M 
.sampling of, 297 
solids not fat in, 254, 298 
water in, 116, 298 
Butyric acid, 137, 138 
Butyro refractometer,^i22 

Cacao butter, oils lij! 161 

^Icium phosphate in flour, 338 t 

Slorific value rtf coal by calcuUtion, 33 

, u . and other fuels by calorimeter 30 

Cane spgar (s« also “ Sucrose ';), 382 
Carbarole, 105 < 

Carbolic acid, crude, 73 

light oils in, 75 
phenols in, 75 
water in, 74 

Carbolic acid, crystallised,84 

purdand its preparation,, 78 
Carbolic 9ii*(s« also " Middle oil "), 7 * 

Carbolic soap, I 94 . 

Carbohydrates, 303, 36^ 

in condensed milk, 292, 39 * 

ia infants' foods, 295, 310, 357, 393 
« * 



Index 


453 


Carbon in coal, 2^ 

Carbon dSulphide uk benzol. 62 
Carbon, free, in coal tar, 43 . 

in creostfting liquof, 94^ 

Casein in milk, 249* 273 

in butter and margarfte# 254, 300^ 
Castor oil, 239 

Centrifu^ methods, <66, 97, 268 
^Chlorides in meat, 431 
Clerget’s formula, 385, 388, 393 
Coal, analyses of, 4,12, 18 
^ ash in, 14 • 

calorific value of, 4, 30 
carbon in, 27 • 
clarification of, 2 
coke from, 16, 38 
distillation of, 37 
elementary analysis of, 27 
gas from, 38 
hydrogen in, 27 
moisture in. 10' 
nitrogen in,* 20 
oxygen in, f9 

physical examination of, 35 
sampling of, 8 
spe<^c gravity of, 4, 35 
sulphur in. 19 
tar from, 38 
water in, 10 
CoaUtf, 19. 39 

Coal tar adds. SeeCarboUc add^'' 
bases, 73, 96 
compositien of, 38, 40 
, distillation test, 45 

dyw. 37.439,445 

fint ninmngs light oils from, 48 
ft^caibo^ in, 43 
sampling of, 
specific gravity of, 42 
Cocoa, 36X 
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Cocoa, ash &, 3 fii 

erode fibre iik 3*8, 361 
extract from, 361; 362, 

{at'rn, 115,361 ■ , 

taicroscopfc exaijiinition ot, 306, 361 • 

shell in, 313. 3 ®* . * 

starch in, 306, !fi 4 . 38 *. 3 ®* 
water in, 361 » 

Cpconut oil, 134, 138,139, *48 
in lard, l6a 
in margarine, 134, 166 
Cohune oil, 134 
Coke, analyses oi, la 
ash in, 14 
trom coal, 16 
moisture in, 11 
physical examination, 35 
sampling of, 8 * 

solphut in, 19 
water in, ii 

Colouring matter in butter, 301 

in foods and beverages, 439, 441, 44 ® 
in mpgarine, 301 
in i^ieat, 445 
in nilk, 443 
in wine, 446 

Combustiblo resifue from coal, 16 
<^nd*ensed m^lk, * 9 * ^ 

analyses ot, * 9 * , 

cane sugar in. Sti ” Sucrose." 

carbohydrates in, 29*. 39 * 

concentratibn of, 293 

fat in, 291 

lactose in, 292 

solidsnotffatin, 291. 293 

siibrose in, 293 * 

sugars in, 292 

Cottqp ml, detection of, in rala and fats, 130,160, iW 
Copper salts in foods, 440, 446 ' 

Cracked cals, ^,,221 
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Cream, 247. *65, 270. 279, 282 •' 
p^emtive* in, 410, 412 
C^olme, 86 
• Creosote oil, 85 

Creosotingiliquor aad its constituents, qs 
' bases in, 96* , 
distillation test, 94 
fluidity of, 93 
free carbon in, 94 
paraffins in, 97 
phenols in, 95 
specf^c gravity of, 93 , 
water in, 94 

Cresols (s« also " Caijiwlic add, crude ”), 77 
phenKls in, 81 

solidifying point of, 76, 84 „ , 

Cresylic acid \su also " Carbolic add, crude," and 
77,81 * 

Crude fibre in cocoa, 328, 361 

in feeding stnfis, 328, 363 
in flour, 321, 3*8 

Dextrin, 309, 3*8 

in starch syrup, 380, 381 
Dextrose, 368, 370, 372 

estimation of, bf Fehling’s solufion, 373 
by hypoiodite, 370 
in presende of maltose, 318 
in#tareh syrup, 380. 381 
Diastase, 309, 347, 357 . 358,*36o 
Diastatic activity of malt. 347. 354 , 

Digitonin method, J42 
Distillation, prodwJts of coal, 37 

teat for carbolic add, 75 . 82 
for coal tar, 45 • 

for creSsoting liquor, 94 
far first runnings, 51 
for kerosene, t22 
for USht oils, 50 
for middle or carbolic oil, 73, 94 


Phenols ”), 



456 Index 

Distillation, tesf for petrolf ai6** 
for^troleum, 211 

Earth nut oil. “ Arac^s dil.’' 

Elementary analysis of toal, 27 
Engler distillation test Jor petroltufti, 211 
Enzymes, action of, on^ugars {see also " Diastase ”), 388,392,395 
hydrolysis of fats by, 111, 171 
in milk, 283, 287, 419 
Ergot, 339 

Extract of cocoa, 361, 362 

of infants' foods» 359 
of malt, 350, 355 
Extractors, 87 


Fat, estimation of, 87, 113, 178 
in butter. 298 
in cocoa, 113, 361 
in Condensed milk, 291 
in feeding stufis, 115. 363 
in flour, 115, 328 
in infants' foods, 263, 360 
in oil cake, 1x3 t 
in margarine, 16^, 166, 298, 301 
in milk, 247, 263^, 281, 282 
in soap, 178 , 

}p. seeds, etd, 113 

Fats. 5 m “ Fatty oilji *' and*" Fats." 

Fatty afids, 108, 120,138,171 f « 
in soap, 179, 182,186,^92 
neutralisation value of, 193 
solidifying points of, 120, 148.193 

4F{ftty oils and fats, 108 ' < 

add value of, ito, 138 
^analysdl of, 148 
classification of, 112* 
detection and identification of, ^6 
(ester ^ralue of, 131 
estimation of, 87,1x3*, 178 
in lubricating oiU, 237 
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Fatty oils and fats, iodine valul{*ol. ud 

JKi^chner value of, 134s 
melting {>oints^f,! 18,143 
pjiysical examin|tion of, 117 
phytosteryl acetate test for, 142 
Polenskfv^tlue of. 1^4 
preparation for analy%is, 116 
■mcidity of, 111 • 

refractive index of, 122 
Rcichert'Meissl value of, 134 
saponification of, 108, 120, 171 
saponification valu^of, 131, 148 
specific gravity of, 118, 148 
titer test for, 120, 148 
unsaponifiable matter in, 141 
vegetable detection of, 142 
water in, 116, 298 
Feeding stufis,* 114. 363 

ash in, 36|i^ 
crude fit^p in, 328, 363 
fat in, 1x4, 363 
proteins in. 363 
starch in, 363 
water in, 363 

Fehling’s solution, 277, 332, 356, 368, 373* 
Fermentation, alcoholic, 3*66, 395 ^ 

of milk, 251. 260, 283. 290 
of sugars, 251, 366*371 
First runnings from coal tar, 4$. 54 

* distillation test for, 51 
phenols in, 54 

, specific gravity of, 50 

Fi^ or blubber oi& in rape oil, 162 
Flash ^nt of kerosene, 223 

of lubricating c^, 231 • 

Flours, addity of, 528 ' 
aljp in. I35 

aAyses of, 3x8, 320. $21, 334 
ash in, 322, 326 
bolting of, 322, 334 
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Flouffi, brant in, >317, 519 , 

calcium phosphate in, 338’ 
crdde fibre in, 321, 32^ 
damaged by moulds, 339 
brgot in, 3^9 ' 

fat in, 328 

gliadin and glutin in, 322, 323, 323 

in infants’ foods, 357, 358, 360 

leguminous, 307, 342 

mineral matter in, 333 

nitrogenous matter soluble in, 325 

offal in, 317, 319 , 

pentosans in, 322, 330, 333 

potato, 306, 341 

proteins in, 324 

rice, 306, 341 

sharps in, 319, 327 

starch in, 305, 322, ^27 

water in, 326 

wheat, 318, 320, 32:, 323, 340 
Fluorides in foods and beverages, 420, 421, 430, 431 
Formaldehyde in meat, 424 
in milk, 4)27 

'Formic acid in jam or jmit juices, 436 
Free carbon in coal tal, 40, 43 

in creosotipg liquor, 94 
in mitidle or carbolic oil, 43, 73 
nructose d. (s«» also " fjevulofe "), 370 
Fruit juices (sss also " Wines "), <ormic add in, 436 
Fuel oil, 39, 205, 243 
Furfural'from Sour, etc., 330,^ 332, 334 
in spirit, 401 
Fudel oil, 402 

Gaiusin, 309, 373, }82 
Gasoliue, 295 * 

Gastalji test for cotton oil, 13a « 

Gerber method for fat in iSilk, 269 
Gliadin, 322, 323, ^3 
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Glacow commerciaL Sa “ St*(ch sjiup." 
c| Ss« " D^xttose." • 

Gluten, 32a, 3*3 

Golden syrup. St* " Syrup.” • 

Gottlieb njethod Idr fat in milk. 263* 

Grain, analyses of, 318, 320#32i 
Grape sugar, analysis of. 382 
Gronna nut oil. S«4 “ Arachis oil." 

Gunujng’s modification of Kjeldahl method, 26. 27 

HaipAen hexabromide test for fish oils, 162 
test (modified) for cotton oil^ 150 
Heftner method for glycerol in soap. 184 
test for fomjfldehyde in milk, 417 
Hydrocarbdhs in carbolic acid, 73, 81 

in carbolic soap, etc., 195 
in lubricating oils. 237 
jn phenolic powder3,*87 
Hydrogen in coal, 27 
Hydrogen peroxide in milk, 419 
Hydrogenated oils, 157, i6fi. 168 ,173 
Hydrolysis of fats. 171 

of starch, 309, 348, 350. 334 ^ 359 , 3“5 
of sugars, 368, 370, 371, 379 

IijFANis’ foods, 294, 357, "360 
ash in, 360 

diastase in, 337, 338, 3 ®® 
dried mill^in, * 94 , 358 , 361 
extracts of.* 339 
fat in, 263, 360 
flours in, 338, 360* 
l^rolysed starch in, 339, 393 
lactose in, 296, 360, 394 
malted, 338, 361 
proteiBS in, 360 
starch in, 310. 357 . 358 . 360 
sucrose in, 291 . 394 , # 

sugafs in, 295. 358 , 339, 394 
water in, 360 
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lavert Buga/from sucrose, ^66, 384 

estimation of, 383, 3^7, 389, 

• ' in condensed mi^c, 291, 

Invertase, 388, 392 
^dine falue, 126*2%- 

lodlbauer's modification of Kjeld^bf method, 27 

• 

Jam, boric acid in, 427 • 
formic acid in, 436 

Kapok oil, 151 
Kerosene, 204, 221 

acid in, 226 
ash in, 226 

distillation test for, 222 
flash point of, 223 
impurities in, 225 
refinement degree\>f, 224 
•.specific gravity of, 223 
sulphur in, 225 

Kirechner value, 134,164, 16O 
Kjeldahl method for nitrogen, 20, 25 

in coal, 20 « 

Gunning modifications of, 26 
modifications of, to include ni¬ 
trates, 27 

Kreis and Roth teut for arachis oil, 157 

* * t 

t , 

Lactic ^d, 247, 254, 260 
Lastometers, 257 
Lactose,“25J, 276, 296, 360, 365 

in infants' foods, 29^, 360, 394 
, *■ in milk, 276, 391 
Laevulose, 368, 370, 372 
* «<timation of, 389 
X,ard, other oi|a and^ats in, 160 
^araftn wax in, 163 
Laurif^dd, 140, X89 , 

Leaf material, starch in, 314 
Lecithin, 253 
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Leffmann and Beam, 271 
Legnminlus fiours, 50^ 34 ^ 
Uebermann-Storch reactiowfor roiin, 189, 241 
light oils from coal tar. 48, 54 • • 

• distillation tesrtor, 51 
phe?icls in, 54 , 
specific gravity A, 5 ° 
petrdleum, 204 
in crude carbolic acid. 75 

Lignits, 6 

oil in lubricating oils, 243 

Lubricating greases. *36 

oil in, 237 
soap in, 236 
water in, 237 

Lubricating oib, 226 

acidity of, 140, 23^ 

• ash in, 235 
asphalt in, 236 
classification of, 228 
deblooming agents in, 235 
fatty oils in, 237 
•flash point dl, 231 
formolite test for, 235 
gumming of, 235 
lignite oil in, 243 
rosin and rosin oil in, 241 
setting point of, 232 • 

soap in, ^ * 
specific gravity of, 233 
tar oil in, 24s • 

viscosity of, 230 
Vater in, 233 

LysoUSe, 199 

Malt, 347. . 

aci^i^ of, 349 
analysis of, 344 
ash in, 353 

diastatic activity of, 347 . 354 



Malt, extract fedm, 330, 35S 
mecltanical testt, 349 
nitrogen in, 333 
aapcharification test, 330 
sugar in, 333 
water in, 349 

Maltose, estimation of, J33, 374 

in presence of dextrbse, 378 
Maltose, fermentation of, 37a 

in starch syrup, 380, 381 
Margarine, 166, S97 

benzoic acid in, 416 
boric acid in, 299, 413 
casein in, 254, 300 
colour in, 301 
fat, 164, 166, 301 
fat in, 298 
preservatives in, 410 
proteins in, 254, 300 
salt in, 254, 299, 414 
solids not fat in, 298, 234 
water in, 116, 298 
^eat, boric acid in, 427W 
chtoiides in, 431 
fluorides in, 430 
formaldehyde in, 424 
eitrates in, 431 
preservatives in, 423 
su^hurous acid in, 428 
Melting points of fats, 118 

of unsaponifiable matter from fats, 143 
IHcnwrganisms in food, 404 

in milk, 247, 233, 239, 283, 404), 443 
yeasts, action of, on sugars, 392, 393 
mouVis, I nr 283, 283, 39^ 
Microscopic eiiamination of cocoa, 362 

of starches, 304 
of soap residue, 188 

Middle oil, 72 

bf««»in473, 96 
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Middle (A distillation test foi^^‘ 3 . 9 f 
* bee carbon in, 43. 73 
naphthalene in, 73 

Milk, 245 

abn( 7 rmal, 28^, 412 
acidity of, 260, 411 
T^ulterated, 280 
Ubumin in, 275 
Udehyde figure of. 275 
^alyses of, 246 
ash in, 252, 283, 411 
benzoic acid inr 415 
boric acid in, 412, 421 
casein^, 249,173 
colour in, 443 

competition of, 246, 283, 296 
condensed. Sse “ Condensed ^ilk. 
cream deficiency in, 282 
decomposition of, 253, 259, 260, 283 
dirt and foreign matter, 253, 259 
dried, 265, 296, 358 

in infants' foods, 294 
enzymes of? 283, 287, 4^*9 
fat See " Butter fat." 
fat in, 247, 263, 281,^282 
fermentation of, 260, 283, 290 
test, 290 

fluorides in, 420, 421 


formaldehyde in, 4x7* 
genuineness of, 280 
hydrogen peroxide in, 419 
lactic acid in# See " Aridity. 

lactose in, «Si, 276 - . ,,a 

qaeroorjanisms in, 247 . * 53 . * 59 . *6°. *® 3 . 409 . 4 ' 8 . W 3 
mineral matter in^(s« also " ^ ")■ 
normal and abnormal, 283 
pasteurisation of, 283 

t^Bt for, 2S7 

powder. See " Dried milk." 
preservatives in, 249, 272, 409 
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Milk, proteins iit, 249, 272 > 
reductase test for. 288 
salicylic acid in, 413 
sampling 01^254 
strain. 411 ' 

solids not fat in, ^80, 281 
specific gravity di, 257 
sterilising of, 283' 
sugar. See " Lactose." 
total solids in, 278, 279 
water in, 282 

MilUau’s test for cotton and kapok oils, 151 
Mineral matter in flour, 335 
in milk, 252 
Molasses. 383, 387 
Motor benzol, 71, 215, 217 

spirit [see also " Petrol"), 213 

NAPHTEKES, 203, 220 
Naphtha coal tar, 48 

petroleum {see also " Petrol "), 204, 213 
Naphthalene, 99 

bases in, (»oo 
in middle oil, 73 
phenols m, 100 

♦ tests for purity, 99 

Nitrates in meat, *431 

Nitrogefl by K5eldahl'4.method and its modifications, so, 25.27 

Olid, cake {see also " Feeding stuffs "j, 114, 363 
Oils, fatty. See " Fatty oil and fats." 

Olefines in petrol, 221 
016*10 acid, 139 

Olive oil, other oils in, X30,151,152,153,158 
Oxygen in d al. 27 ... ^ 

'd 

Palm kernel oil, 134.138.139 
t inlurd, ifio 

in margarine, 134, x66 
Palm oil, lat.'48^ 
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Paraf&n wk in fats, 131,144, ^3 
Paraffins iiranthraceife, 106 
in benzol, 38, 64 
in creosotinj; Hquor. 94 
in ^cylene, 70 
Pasteurisation, 283, 287 
Pea nut oil. See “Arachis oil." 

Pentoses, 322, 330 • 

Petrol, *04, 213 

benzol in, 217 
distillation test for, 216 
foreign matter in, 215 
rosin oil in, 221 
specific^gravitybf, 214 
substitutes, 39, 71 
sulphur in, 215 
turpentine in, 221 

Petroleum, composition of, 202, 213 
crude, 202. 208 
distillation test, 2 11 
ether, 205 
light, 205 

naphthJ {see also " I^etrol "), idlj, 213 

sediment in, 210 

specific gravity 0^, 202, 210 

spirit. See ” Petrol." 

sqlphur in, 208 

^ter in, 209 

Phenol, 78 

ki carbolic acid, pure, and its preparations, 78 
in cr^lic acid or cresols, 81 • 

.solidifying pc^nt of, 76, 84 
I^enolic powders, pBenols in, 87 

|)reparation 3 with soap, 198 
Phenols in carbolic sc^p, e^c., 194. 290 
in crqpline, ^sol, etc., 199 
in <^|peoting liquor, 95 
in first running^and Ugh*l oils, 
in naphthalene, 100 
in sheep dips, 199 



Index 


Pbloroglucinol meth^ for pentosi ns. 331 
jpolarimetiic methoc^, estimation of lacUtsel 391 
‘ of laeviilc«e, 389 
of starcti, 310 
of starch syrup, 388 
' of sucrose, 370, 384 
Polenske value, 134, i^i, 164,167, 193 
Potato, 306, 318, 341 
Preservatives, 404 

in butter, 416 
in cream. 408 
in foods, 404, 421 
in margarine, 410 
in meat, 422 
in milk, 249, 272, 409 

: l^oteins, estimation by Kjeldahl method, and its modifications, 
20, 25, 27 » 
mbutter, 254, 300 
Sbeding stuffs. 363 
in flour, 324 
in infants’ foods, 360 
in malt. 353 
in margarine, 254, 300 
in milk, 24^, 272 
in starch syrup, 380 


KAMbcpJTY, III j 

Rape oil in lubricating oil, 237 
, in oli\^ oil. 158 

. other oib in, 160, 162 
Reductase test for milk, 288 
FefractoiMteTS, 122 
Reichert Meissl value, 134 
Runard b^t (modified) fo( arachis oil, 155 
Rice flour^sod, 341 
Rosin ac^sHn soap, 172,179.189 
in lubricating oil, 2^1 
Ro£i oil in petrof, 221 

SACCHAiuv^rKit^. 370, 384 



Saccharine in beverages, 435 
8accharoi|eter5, 351, 369 
Saccharose. See ” Sucrose.'* 

Salicylic acid in beer, etc., 4I3 
in milk, 413 
in vrine, 433 

S^t in butter and margarine, ^54, 299. At 
Sampling of butter, 297 
of coal, 8 
of coal tar, 41 
of coke, 8 

of malt and barley, 344, 349 
of soap, T75 

Saponidcation of oils and fats, 108, 120, 171 
• value, 131, 237 
Separated milk, 247 

fat in. 247, 263, 270 
. in whole milk, 282# 
solids in, 278, 281 

Sesame oil in other oils, 152, 160, 161 

Sheep dips, 199 

Silicate in soap, 187 

Skim milk. SteJ' Separated ^ilk." 

Soap. 171 

alkali in, 182. 184, 186, 187, 
additions to, 175, 184, 187, 188 
analyses of. 193,196 
cartfclic, 194 

cbuaification of. 174 ^ 

chlorides and snlphaVs in, 183 
'fat in, 178 

fatty acids from, 279. 186. 192 
glycerol in,^|84 
in disinfectants, 198 
fa lubricating greases, 236 
in lubricating oilj, 233 
sampling ot 173 

water in, tj6 • 

Stolifying point of cresols and phenol, 76, 84 



468 iqiaex ■ 

« ‘ 

SoIidUying of fatty acids.V2o, 148, 

of ^bricating oilK (setting ^int), 23^ 

Soxblet extractor, 87 

« (1 

lactometer, 257 . ^ 

SpecifiQ gravity ol alcoliol ^nd water mixtures, 397 
^ of benzene and bencols, 55, 57 

of coal,‘ 4, 35 

of coaUtar, 42 , 

of creosoting liquor, 93 
of fatty oils and fats, iiS, 148 
of first runnings from coal tar, 50 
of kerosene, 223 
of light oils from coal tar, 50 
of lubricating oils, 233 
of malt extract, 351 
of milk, 257 
of petrol, 214 
of petroleum, 202, 210 
^ of sugar solutions, 351, 366 

Sperm oiT, 149. 257 
Spirit, raw, 400 

impurities in, 401 
Spirits, 399, 402 
, Starch, 303, 396 ^ 

detection of, ^4 

estimation of, 309, 310, 312 ^ 

hydrolysis of, *309. 348, 350, 354, 359. 365, 373, 378 
^ 379 

m barrtsy, 346 * ^ ^ 

cocoa. 306, 314, 361, 362 • 

\n feeding stuffs, 363 

in flours, 305, 314, 3«, 327 

in infants’ foods, 310, 357, 358, 360 

in leaf material, 314 

in Wpper, 306 

solul^le, 354® 

Starclhsyn^,^379, 389 
ash in, 380 
analylis of. ^80 
detection of, 389 
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Starch.syrup, dextrin in. 380. 

dextrqpe jn. 38 <f 381 
estimation of, ^87 
gallisiivn, 309, 373, 3^ 
in suerose syrup, 389 
maltose in, 3», »8i 
optical activity of, 382 
organi(imatter in, 381 
proteins in, 380 
water in, 380 

Storchtest for pasteurisation, 287 
Sucrose, 368, 370, 38^ 

estimation of, 378, 384, 387, 391 
in condenset^milk, 293, 391 
in iilfants’ foods, 295 
in molasses, 384 
in sugar, 384 

in syrup or treacle, 384, 387 
reducing sugars in, 383 
Sugar, 382 

impurities in, 383, 384 


Sugars, 365 

estimatio* of, by biological method 
by Fehling’s solution 
by hypoiodite, 370 ' 
polafimetric, 369 


fermentation of, 371, 395 
hyAolysis of, 3 * 8 , 370. 37 « 373 
in condensed milk, J93 • 
in infants' foods, 29^, 358, 359 
in malt, 353 , 

in milk, 251. 276. * 93 . 896 , 360 
mntarotatifa of, 3^ 
optical activity of, 364, 37 s 
'reduction by, 368 
tests for, 372 • 

Sulphur in Aal an« coke, 19 
i^krosene, 225 
in petrol, 215* 
in petroleum, 208 


Is, 37 ' 

|, 368, 373 . 371 
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Sulphuric a^d test for ben*oIsv'*A9 

for kerosene, $24 , 

Culphurous acid in barley, 347 , 

• jn meat, ^ne.^tc,, 428 
6yrup*golden, 387 * 

Syrup or treacle, sucrose in, 384, «• 
starch. Se$ “ siarch syrup.’* 

Taka diastase. 312 
Tallow, 121 

Tar oils in lubricating oils, 242 
Titer test, 120, 148, 193* 

Toluene [see also *' Benzol"), 56 
in benzol, 59 
Turpentine in petrol, 221 
Twitchell's reagent, 171 


Unsaponifiablb matter in'iatty oils, and fats, 141 


Valenta’s dimethyl sulphate test, 98 
rosin oU test, 241 

Vegetable oite and fats, detection of, 142 
Ventzke saccharimet^, 384 « 

Vieth’s lactometer, 2,57 

ratio for conitituents of milk, 283 
Volatile combukible matter from cc^l, 16 

’^ArSk in b^ley, 345 

^in butter, 116, 298 
in coal, 10 
in cocca,. 361 
in coke, ii 

in creosoting liquor, 94 
in crude carbolic add, 74,85 
iiweeding stuSs, 963 
inV^ur, 326 
iff lubricating oil, 233 
in lubricaVng gtpfe, 237 
in infants’ foods, 360 
in nylt,|49 
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’(V’aier fa margarine, n6, 298 - 
in milk, 282 
in petroleum, 209 
in soap, 176 ^ * 
in sferch syrup, 380 

Wemer-Schmidt method fo«a*m milk,^66 
Westphal balance, 50 , 

.Wheat {see also “ FU*r ”), 318, 3 *°. 3 *' . 
Wheafflour, 318, 320, 321, 3 * 3 . 34 ° 

• foreign flours in, 304, 3 * 3 . 34 ° 
Wiley’s mercuric nitrate solution, 39^ 
Windans’ digitonin method, 142 
Wine, etc., benaoic add in, 433 
ly)ric acid 4 in, 427 
colouring matter in, 441 
fluorides in, 430 
preservatives in, 4*4 
sac^arine in, 433 
salicylic acid in, 433 
sulphurous acid in, 428 


XvtSHE, 56, 69 

meta eftimation of, 70 
paraffins in, 7^ 

YIasts, *53. *85. 368. 37*. 39*. 395 
ZVMASB, r8 
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